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coupling	 reaction	 in	 moderate	 to	 good	 yields	 (40‐95%),	 and	 with	 a	 totally	 trans‐trans	
configuration	 in	 the	 vinyl	 bonds,	 which	 is	 difficult	 to	 obtain	 following	 common	 synthetic	




trends	associated	to	the	electronic	nature	of	 the	substituents,	effect	 that	 is	 intensified	with	





of	 aryl	 boronic	 acids.	 Results	 showed	 that	 the	 OPVs	 have	 photoinduced	 electron	 transfer	
(PET)	 properties,	 being	 active	 in	 reduction	 reactions	 favored	 by	 ED‐OPVs,	 and	 oxidation	
reactions	 favored	by	EW‐OPVs.	However,	 these	 trends	 could	 change	when	 species	 such	 as	
amines	and	reactive	oxygen	species	are	present.	
	
This	 work	 contributes	 to	 the	 understanding	 of	 these	 important	 compounds	 and	 to	 the	
developing	of	new	metal‐free	photoredox	catalysts,	providing	 insights	about	 the	 structural	
features	that	polymeric	analogs	must	have	in	order	to	get	high	efficiencies	in	this	application.	
	









y	electroaceptores	 fueron	sintetizados	por	 reacción	de	acoplamiento	 cruzado	de	Mizoroki‐
Heck	 con	 rendimientos	 de	 moderados	 a	 buenos	 (40‐95%),	 con	 una	 configuración	 de	 los	
enlaces	vinílicos	totalmente	trans‐trans,	la	cual	es	difícil	de	obtener	siguiendo	metodologías	
comunes.	Sus	estructuras	 fueron	establecidas	por	métodos	espectroscópicos	(FT‐IR	y	RMN	
1H,	 13C	 y	 en	 estado	 sólido),	 análisis	 elemental	 y	 espectrometría	 de	masas	 (MALDI‐MS).	 El	
efecto	de	la	estructura	en	las	propiedades	ópticas	fue	estudiado	por	UV‐vis	y	espectroscopia	
de	 fluorescencia.	 Los	 grupos	 en	 los	 anillos	 terminales	 de	 los	 OFVs,	 conllevaron	 a	






síntesis:	 a)	 la	 deshalogenación	 de	 dibromuros	 vecinales,	 b)	 la	 reacción	 aza‐Henry,	 c)	 la	
hidroxilación	 de	 ácidos	 arilborónicos.	 Los	 resultados	 mostraron	 que	 los	 OFVs	 tienen	





catalizadores	 fotoredox	 libres	 de	 metales,	 proporcionando	 ideas	 sobre	 las	 características	
estructurales	que	 los	análogos	poliméricos	deben	 tener	para	 tener	altas	eficiencias	en	esta	
aplicación.	
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donating	 (ED)	 and	 electron‐withdrawing	 (EW)	 groups,	 and	 to	 evaluate	 their	 efficiency	 as	
photoredox	catalysts	in	synthetic	organic	reactions.	
Specific	objectives		
 Apply	 appropriate	 synthetic	 strategies,	 based	 on	 the	 Mizoroki‐Heck	 cross‐coupling	




techniques	 (FT‐IR,	 1H,	and	 13C	NMR),	elemental	analysis,	mass	spectrometry	 (MS),	and	
by	UV‐vis	and	fluorescence	(FL)	spectroscopies.	
	
 Evaluate	 the	 synthesized	 OPVs	 as	 photoredox	 catalysts	 in	 oxidation	 and	 reduction	
reactions	 (reactions	 of	 synthetic	 interest	 such	 as	 the	 C‐C	 bond	 formation),	 using	 a	
photocatalytic	reactor	with	UV	and	visible	sources	of	irradiation.	
	













of	 p‐phenylenevinylene	 oligomers	 (OPVs)	 and	 their	 evaluation	 as	 photoredox	 catalysts	 in	
organic	 synthetic	 reactions.	 The	main	 objectives	 of	 this	 study	 are;	 a)	 to	 contribute	 in	 the	
synthesis	 and	 characterization	 of	 OPVs	 and,	 b)	 to	 demonstrate	 that	 the	 valuable	
optoelectronic	 properties	 of	 these	 compounds	 can	 be	 exploited	 in	 the	 area	 of	 photoredox	
catalysis,	 which	 it	 is	 important	 to	 highlight,	 it	 has	 very	 poorly	 explored	 with	 this	 kind	 of	
conjugated	organic	systems.	This	chapter	provides	a	brief	background	into	the	optoelectronic	
properties,	methods	of	synthesis	and	applications	of	phenylenevinylene	(PV)	systems,	which	
allow	 us	 to	 better	 understand	 this	 kind	 of	 promising	 materials.	 In	 addition,	 this	 chapter	








in	 the	 subsequent	 chapters.	 Chapter	 2	 focuses	 on	 the	 synthesis	 by	 Mizoroki‐Heck	 cross	
coupling	 reaction	 of	 sixteen	 OPVs	 substituted	 with	 different	 electron‐donating	 (ED)	 and	








these	 OPVs	 has	 been	 reported	 previously.	 The	 comparative	 study	 of	 the	 optoelectronic	
properties	allows	finding	trends	associated	to	the	electronic	nature	of	the	substituents.	Thus,	
it	 is	 possible	 to	 choose	 OPVs	 with	 structural	 features	 that	 lead	 to	 the	 best	 properties	 for	
certain	 applications.	 Therefore,	 this	 experimental	 work	 was	 used	 as	 a	 reference	 for	
theoretical	studies,	 in	which	computational	methods	were	used	to	predict	the	properties	of	
the	 OPVs.	 The	 high	 correlation	 found	 between	 experimental	 and	 calculated	 properties	
showed	 that	 time‐dependent	 density	 functional	 theory	 (TD‐DFT)	 calculations	 are	 an	
excellent	method	 to	predict	 structure‐property	 relationships.	Thus,	 this	work	also	makes	a	
valuable	 contribution	 by	 presenting	 theoretical	 chemistry	 as	 an	 alternative	 to	 study	
conjugated	organic	materials,	which	allows	elucidating	the	most	appropriate	structure	to	be	
synthesized,	 avoiding	 the	 synthesis	 of	 unlimited	 number	 of	 OPVs.	 Chapter	 3	 explores	 the	
applicability	of	 some	of	 the	 synthesized	OPVs	as	photoredox	catalysts	 in	 three	well‐known	
organic	 synthetic	 reactions.	 In	 order	 to	understand	why	 the	 studied	 reactions	 are	 efficient	
with	some	OPVs	and	 less	efficient	with	others,	analysis	of	 the	 thermodynamic	 feasibility	of	
the	reactions	and	kinetics	studies	were	performed	for	some	of	them.	This	chapter	contributes	
to	 the	 study	 of	 materials	 that	 are	 very	 valuable	 in	 the	 electronic	 industry,	 but	 however,	













known	 as	 electroluminescence	 (EL)	 [2],	 conjugate	 polymers	 (CPs)	were	 no	 longer	 seen	 as	
Chapter	1	 5
	
simple	 plastics	 and	 insulating	materials.	 The	 field	 of	 plastic	 electronics	 and	 photonics	 has	
opened	up	and	has	found	a	wide	range	of	applications	[3].	In	general,	CPs	have	shown	to	have	
excellent	 optoelectronic	 properties	 combined	 with	 the	 highly‐known	 advantages	 of	 the	




phenylenevinylene	 (PV)	 moiety	 have	 gained	 significant	 interest	 in	 many	 research	 areas.	
Various	types	of	compounds	with	the	PV	structure	have	been	reported	in	the	literature,	some	
examples	are	shown	in	Figure	1‐1.	The	phenylenevinylene	oligomers	(OPVs,	Figure	1‐1a)	are	
PV	 derivatives	 that	 could	 have	 different	 conjugate	 chain	 lengths	 with	 a	 number	 of	 repeat	


















These	 segmented	 copolymers	 have	 been	 designed	 by	 the	 group	 of	 professors	 Karasz	 and	
Lahti	 [15‐17]	 in	 the	 University	 of	 Massachusetts,	 as	 an	 alternative	 to	 solve	 processability	
problems	presented	by	totally	conjugated	polymers	and	in	response	to	the	need	for	polymers	







These	 protocols	 have	 advantages	 and	 disadvantages	 in	 terms	 of	 stereoselectivity,	 reaction	
yields,	 solubility,	 processability	 and	 degree	 of	 polymerization.	 The	 synthetic	 protocols	 are	
classified	 into	 two	 groups:	 non‐precursor	 routes	 and	 precursor	 routes	 (Table	 1‐1).	 The	
synthetic	methods	called	non‐precursor	routes	are	based	on	condensation	reactions	between	



































 Wittig	and	Horner‐Wadsworth‐Emmons	 (HWE)	 reactions:	These	 reactions	 are	 the	
most	used	methodologies	to	get	PV	systems,	which	is	probably	due	to	the	synthetic	easiness	
and	 soft	 conditions.	 For	 the	 Wittig	 reaction,	 bifunctional	 (if	 you	 want	 polymers)	 or	








the	Wittig	 reaction	with	 low	 yields	 and	 low	 degrees	 of	 polymerization	 [5,27].	 Subsequent	
works	have	shown	that	this	synthetic	strategy	has	incompatibilities	with	the	chemical	nature	
of	 some	 substituents	 due	 to	 the	 harsh	 basic	 conditions	 of	 the	 reaction.	 In	 addition,	 the	
stereoselectivity	is	low,	leading	to	a	mixture	of	cis	and	trans	vinyl	products,	which	affect	the	
conjugation	 and	 the	 optoelectronic	 properties	 of	 the	 PV	 system	 [28].	 Improvement	 of	 the	




this	 modified	 route	 is	 known	 as	 Horner‐Wadsworth‐Emmons	 reaction	 (HWE)	 or	 Wittig‐
Horner	reaction	(Scheme	1‐2).	Higher	yields	and	higher	molecular	weights	(in	polymers)	can	


















frequently	 for	 the	synthesis	of	PV	derivatives.	 In	 this	document,	we	want	to	give	particular	






selectivity.	 In	 these	 methodologies,	 the	 configuration	 of	 the	 vinyl	 bonds	 is	 given	 by	 the	
starting	 material	 and	 not	 determined	 during	 the	 coupling	 mechanism.	 In	 the	 Stille	
condensation,	aryl	halides	react	with	alkenyl	stannanes,	while	in	the	Suzuki	method,	boronic	
acids	 are	 coupled	with	 organic	 halides	 [25].	 Unfortunately,	 the	 stannanes	 are	 highly	 toxic	
compounds	and	the	boronic	derivatives	are	very	expensive.	
	
Mizoroki‐Heck	 cross	 coupling	 reaction:	 The	 palladium‐catalyzed	 C‐C	 coupling	 between	
olefinic	 derivatives	 with	 aromatic	 halides	 in	 basic	 media	 has	 been	 widely	 utilized	 in	 the	









Unfortunately,	 for	 the	 case	of	polymers,	 the	 reaction	produces	very	 low‐molecular‐weights	
macromolecules.	 Several	 studies	 have	 been	 developed	 in	 order	 to	 improve	 the	 degree	 of	
polymerization	 using	 the	 Heck‐reaction,	 based	 principally	 on	 the	 use	 of	 palladium	 zero,	
triphenylphosphite	 ligands	instead	of	triphenylphosphine	and	changing	the	reaction	set‐up,	











 Gilch	 polymerization:	 In	 1966,	 Gilch	 and	 Wheelwright	 developed	 a	
dehydrohalogenative	 route	 to	 obtain	 a	 PPV	 from	 the	 polymerization	 of	 ,’‐dichloro‐p‐
xylene	 monomer	 with	 a	 large	 excess	 of	 a	 strong	 base	 such	 as	 potassium	 tert‐butoxide	
(Scheme	1‐5)	 [35].	The	Gilch	polymerization	 is	 commonly	used	 in	 industry	because	allows	
obtaining	a	large	range	of	substituted	high‐molecular‐weight	soluble	PPVs	[36,37].	The	main	
drawback	 of	 this	 route	 is	 the	 occurrence	 of	 strong	 physical	 gelation	 during	 the	
polymerization,	 leading	 to	 insoluble	 polymer	 gels,	 and	 the	 polymer	 mixture	 has	 to	 be	










precursor	route	 to	obtain	PPVs	 [40].	The	bis‐sulfonium	salt	monomer	 is	obtained	 from	the	
corresponding	 ,’‐dihalo‐p‐xylene	 dissolved	 in	 polar	 protic	 solvents	 (MeOH/H2O)	 and	
treated	 with	 NaOH	 to	 get	 the	 precursor	 polymer	 with	 sulfonium	 salts	 as	 substituents.	
Subsequent	thermal	elimination	yield	the	desired	PPV	(Scheme	1‐6)	[41,42].		
	
This	protocol	 is	a	versatile	 route	extensively	studied	because	allows	 the	synthesis	of	many	
PPV	derivatives.	Unfortunately,	the	Wessling	polymerization	has	some	disadvantages	such	as	
the	limited	scope	of	polymers	that	can	be	obtained	because	the	reaction	becomes	extremely	
troublesome	 when	 electron	 poor	 aromatic	 systems	 are	 used.	 In	 addition,	 the	 sulfonium	











solubility,	 long	 conjugated	 chains	with	 heterogeneous	 structural	 configuration)	 [43],	 OPVs	
have	 drawn	 interest	 as	 structural	 models	 for	 PPVs.	 The	 synthesis	 and	 characterization	 of	
OPVs	 are	 much	 easier	 and	 efficient;	 allowing	 to	 obtain	 a	 large	 number	 of	 well‐defined	
chemical	structures.	Due	to	these	advantages,	OPVs	act	as	model	compounds	to	study	their	
structural	analogs	PPVs,	especially	segmented	polymers;	making	possible	 to	keep	the	same	





The	 structural	 characterization	 of	 OPVs,	 in	 addition	 to	 confirm	 that	 the	 compounds	 were	
successfully	obtained,	 is	useful	to	determine	the	configuration	of	the	vinyl	bonds,	crucial	 in	
this	 thesis.	 The	 trans	 configuration	 is	 confirmed	 by	 FT‐IR	 with	 the	 presence	 of	 bands	






























is	 a	 direct	 indication	 of	 the	 electroluminescent	 (light	 emission	 after	 electron	 injection)	
efficiency.	Thus,	high	photoluminescence	quantum	yields	 suggest	high	electroluminescence	
quantum	yields.	The	mechanism	of	the	photoluminescence	process	could	be	explained	with	
the	 typical	 Jablonski	 diagram	 shown	 in	 Figure	 1‐4	 [44].	 Thus,	 the	 energy	 of	 a	 photon	 (hv)	
promotes	 one	 electron	 from	 the	 ground	 state,	 S0,	 to	 some	higher	 vibrational	 level	 into	 the	
first,	 second	or	any	excited	electronic	state	(S1,	S2	or	Sn).	When	the	 transition	 is	 to	 the	 first	
excited	state	S1,	molecules	rapidly	relax	to	the	lowest	vibrational	(Vr)	level	into	the	same	S1.	
Since	 the	 molecule	 needs	 to	 regenerate	 the	 ground	 state	 (S0)	 in	 order	 to	 reach	 the	









(Intersystem	 crossing,	 ISC),	when	 this	 T1	 state	 has	 less	 energy	 than	 the	 S1	 state.	 Since	 the	
transition	 from	 T1	 to	 S0	 is	 forbidden,	 the	 rate	 constants	 for	 triplet	 emission	
(phosphorescence)	are	several	orders	of	magnitude	smaller	than	those	for	fluorescence	[44].	
	
In	 the	 particular	 case	 of	 PVs,	 after	 ultraviolet	 or	 visible	 light	 excitation	 this	 conjugated	
systems	present	fluorescent	properties,	which	implies	that	PVs	are	singlet	excite	molecules.	
However,	some	studies	using	laser	flash	photolysis	has	been	carried	out	to	demonstrate	that	
these	 molecules	 have	 also	 triplet	 excited	 states.	 Results	 showed	 that	 the	 triplets	 have	
lifetimes	of	the	order	of	tens	of	microseconds	and	alkoxy	substitution	increases	the	S1		T1	
intersystem	crossing	[4,45].	It	has	been	also	reported	that	triplet	state	formation	should	be	
considered	as	 the	major	causes	of	 fluorescence	efficiency	 loss	 in	 these	compounds	and	are	
also	involved	in	the	photo‐oxidative	degradation	of	PV	systems	[45].	
	
As	many	 reports	 have	 shown,	 the	 PV	 oligomers	 and	 polymers	 have	 fluorescence	 quantum	
yields	 (f)	 high	 enough	 to	 be	 commercially	 exploited	 in	 organic	 light‐emitting	 diodes	
(OLEDs)	[2,46‐49].	The	f	is	a	form	to	quantify	the	emission	efficiency	of	a	fluorophore,	being	
the	 ratio	 of	 the	number	 of	 photons	 emitted	 to	 the	number	 absorbed.	 The	 variations	 on	f	
values	 along	 with	 many	 other	 optoelectronic	 properties	 in	 PVs	 are	 highly	 influenced	 by	
specific	 structural	 features	which	 can	affect	 the	whole	PV	electronic	environment.	 Some	of	
these	features	are;	the	chemical	and	electronic	nature	of	the	substituents	directly	bonded	to	
the	 system	 (electron‐donor	 (ED)	 and	 electron‐withdrawing	 (EW)	 groups),	 by	 the	 effective	
conjugation	length	of	the	backbone	and	also	by	the	configuration	of	the	vinyl	bonds	present	
in	 the	conjugated	structure	 [9‐13].	PVs	with	 trans	 configuration	 in	 the	vinyl	bonds	present	
high	 optoelectronic	 efficiencies,	 contrary	 to	 the	 cis	 configuration,	 in	which	 torsion	 of	 vinyl	
bonds	interrupt	the	effective	conjugation	length.	That	is	to	say,	these	“defects”	interrupt	the	









process	 from	 S1‐T1	 to	 S0	 allows	 intra	 or	 intermolecular	 interactions,	 promoting	 quenching	
processes,	 photoinduced	 electron	 transfers	 (PET)	 and	 solvent	 interactions,	 among	 other	





this	matter.	 It	 is	 important	 to	mention	 that	when	a	molecule,	 for	 example,	 a	PV	derivative	









When	 the	photosensitizer	 is	 in	 the	excited	state	 (Sens*),	one	electron	 is	at	a	higher	energy	








the	HOMO	 orbitals	 (Figure	 1‐5b).	 Thus,	 the	 radical	 anion	 of	 the	 photosensitizer	 is	 formed	
( )	while	the	donor	is	oxidized	( )	[44,51].	In	this	manner,	PVs	with	PET	properties	





with	 another	 molecule,	 therefore,	 the	 species	 	 or	 	 can	 abstract/transfer	 one	
electron	to	another	molecule	following	the	same	mechanisms.	
	
To	 conclude	 this	 section,	 it	 is	 important	 to	 mention	 that	 one	 of	 the	 most	 significant	








Among	 the	 CP	 family,	 the	 PV	 systems	 have	 attracted	 considerable	 attention	 and	 their	
valuable	properties	have	been	exploited	mainly	 in	electronic	devices	such	as	 light	emitting	
diodes	 (OLEDs)	 [2,46‐49],	 laser	 dyes	 [52],	 and	 photovoltaic	 cells	 [53‐55].	 The	 general	
principle	of	a	simple	light‐emitting	device	is	shown	in	Figure	1‐6	[26].	When	an	electric	field	


















In	 addition	 to	 the	 described	 applications,	 the	 PL	 properties	 of	 these	 systems	 have	 been	
exploited	 in	 chemosensors,	where	 the	 intensity	and	 color	of	 the	emission	 can	change	after	
the	interaction	with	certain	species	[26,56,57].	PVs	have	also	been	used	as	linkers	for	metal‐
organic	 frameworks	(MOFs),	porous	macrostructures	used	primarily	 for	gas	storage	and	as	
sensors	 [58,59].	OPVs	have	been	 studied	as	matrices	 in	 the	MALDI	 ionization	 technique	 in	
mass	 spectrometry	 [60,61].	 There	 are	 some	 studies	 that	 have	 been	 explored	 the	 medical	
applicability	 of	 PPVs	 for	 combating	 drug	 resistance	 of	 cancer	 cells	 and	 their	 efficiency	 in	
photodynamic	therapy	[62,63].	Their	use	as	linkers	in	dendrimers	has	also	been	investigated	
[64,65].	 Finally,	 OPVs	 and	 PPVs	 have	 been	 evaluated	 as	 photoredox	 catalysts	 and	




published	 by	 Nielsen	 et	 al.	 in	 2005	 [67].	 In	 this	 report,	 water‐soluble	 OPVs	 act	 as	
photosensitizers	in	the	production	of	singlet	oxygen	(1O2)	upon	two‐photon	excitation.	In	the	
two‐photon	absorption	process,	 the	excited	 state	of	OPVs	 is	 achieved	via	 the	 simultaneous	
absorption	 of	 two	 photons	 with	 comparatively	 low	 energy.	 Thus,	 these	 experiments	 are	
performed	by	irradiating	the	sample	with	less	energetic	sources	and	higher	flux.	Two‐photon	
excitation	 of	 organic	 molecules	 is	 an	 alternative	 to	 one‐photon	 excitation	 that	 allows	
achieving	better	penetration	 in	a	sample.	Figure	1‐7a	shows	the	OPV	structures	studied	by	













efficient	 intersystem	 crossing	 to	 produce	 the	 lowest	 triplet	 state,	 which	 must	 transfer	 its	
excitation	energy	to	ground	state	oxygen	(3O2)	to	yield	1O2.	In	addition,	although	1O2	can	be	
produced	 upon	 oxygen	 quenching	 of	 S1,	 the	 S1	 lifetime	 is	 generally	 too	 short	 to	 give	 this	
process.	Thus,	1O2	is	more	efficiently	produced	upon	3O2	quenching	of	the	longer‐lived	triplet	
state	of	 the	 sensitizer.	The	 results	 showed	 that	 the	most	 efficient	 singlet	 oxygen	 sensitizer	





Photocatalysis	 is	 a	 catalytic	 process	 based	 on	 the	 double	 aptitude	 of	 a	 chemical	molecule	
called	photocatalyst,	to	simultaneously	adsorb	reactants	while	efficiently	absorbs	photons	of	
a	 specific	 energy	 [71].	 The	 photoabsorption	 by	 an	 inorganic,	 organometallic	 or	 organic	




in	 the	 rate	 of	 a	 chemical	 reaction	 or	 its	 initiation	 under	 the	 action	 of	 ultraviolet,	 visible	 or	
infrared	radiation	in	the	presence	of	a	substance	–the	photocatalyst–	that	absorbs	light	and	is	
involved	 in	 the	 chemical	 transformation	 of	 the	 reaction	 partners”	 [72].	 The	 term	
photocatalysis	is	closely	related	to	photosensitization,	which	is	defined	as	a	“process	by	which	
a	photochemical	or	photophysical	alteration	occurs	in	one	molecular	entity	as	a	result	of	initial	
absorption	 of	 radiation	 by	 another	 molecular	 entity	 called	 a	 photosensitizer.	 In	
mechanistic	photochemistry,	 the	 term	 is	 limited	 to	 cases	 in	 which	 the	photosensitizer	is	 not	
consumed	 in	 the	 reaction”	 [72].	 In	 this	 way,	 a	 photocatalyst	 can	 be	 considered	 a	




corresponding	 products.	 However,	 some	 compounds	 such	 as	 simple	 aliphatic	 derivatives	
cannot	absorb	light	directly,	or	their	excitation	requires	the	use	of	high‐energy	radiation	(e.g.,	
	<	220	nm),	for	which	cheap	set‐ups	are	not	available.	Fortunately,	activation	by	light	does	
not	necessarily	 imply	 the	direct	 irradiation	of	 the	 reagent.	 In	 this	point,	 the	 importance	of	
photocatalytic	 processes	 is	 reflected	 because	 is	 possible	 the	 use	 a	 photocatalyst,	 which	
absorbs	light	and	transfers	the	energy	to	a	substrate	in	order	to	favor	its	transformation	[73],	
for	 example	 an	 aliphatic	 moiety.	 Although	 the	 principle	 is	 basically	 the	 same,	 the	 term	
photocatalyst	 has	 been	 more	 applied	 to	 inorganic	 compounds	 while	 the	 term	 photoredox	
catalyst	 has	 been	more	 commonly	 used	 for	 transition	metal	 complexes,	 organic	 dyes,	 and	




to	 compounds	 less	 dangerous	 to	 the	 environment	 is	 considered	 one	 of	 the	 emerging	
“Advanced	Oxidation	Processes”	(AOPs)	[71,74].	
1.3.2 Photocatalytic	mechanisms	
The	 typical	 energy	 band	 diagram	 that	 is	 generally	 utilized	 to	 explain	 the	 photocatalytic	





[which	 correspond	 to	 the	 energy	 gap	 between	 the	 valence	 band	 (VB)	 and	 the	 conduction	
band	(CB)],	an	electron	(e–)	is	promoted	from	the	VB	into	the	CB	leaving	a	hole	behind	(h+).	
Excited‐state	electrons	and	holes	can	be	recombined	and	dissipate	the	input	energy	as	heat	
or	 react	with	molecules	 adsorbed	 on	 the	 surface	 of	 the	 semiconductor.	 In	 the	 presence	 of	









Herrmann	 in	 2010.	 This	 is	 the	 geometrical	 catalyst	 particle	 representation	with	 an	 energy	
band	 diagram	 with	 the	 electron	 energy	 plotted	 upwards	 and	 the	 curved	 arrows	 seem	 to	
indicate	that	the	photo‐excited	species	formed	at	the	surface	escape	from	this	surface	to	react	
in	the	ambient,	which	is	contradictory	with	a	true	photocatalytic	process	[71].	In	addition	to	
this,	 we	 consider	 that	 the	 general	mechanism	was	 constructed	 considering	 only	 inorganic	
semiconductors	 for	which	the	 terms	of	VB,	CB	or	Eg	apply.	Due	to	 the	 fact	 that	many	other	
types	 of	 photocatalysts	 have	 been	 reported	 (hybrids,	 organometallic	 and	 organic	
semiconductors),	 in	 this	 chapter,	 we	 want	 to	 propose	 a	 diagram	 (Figure	 1‐9)	 that	 also	
includes	organic	semiconductors	based	on	the	most	realistic	diagram	proposed	by	Herrmann	


















(Ox1	 and	 Red2)	 are	 adsorbed	 on	 the	 surface	 of	 the	 photocatalyst	 and	 are	 directly	 reduced	
and/or	oxidized	(Red1	and	Ox2	products).	However,	other	mechanisms	may	take	place	when	
there	are	other	active	species	in	the	reaction	media.	In	the	indirect	mechanism,	molecular	
oxygen	 (O2)	 is	 adsorbed	 on	 the	 surface	 of	 the	photocatalyst	 and	 reactive	 oxidizing	 species	
(ROS)	such	as	superoxide	radical	(  ),	hydroxyl	radical	(OH),	hydroperoxyl	radical	(  ),	
hydrogen	 peroxide	 (H2O2),	 and	 singlet	 molecular	 oxygen	 (1O2)	 are	 formed.	 These	 active	
species	can	interact	with	substrates	in	indirect	photocatalytic	oxidations.	The	production	of	
ROS	 is	shown	 in	Figure	1‐10a.	When	adsorbed	O2	 is	 reduced	by	one	electron,	 it	becomes	a	
 ,	which	is	further	reduced	by	one‐electron	to	form	H2O2.	One‐electron	reduction	of	H2O2	
produces	 OH,	 which	 also	 can	 be	 produced	 by	 one‐electron	 oxidation	 of	 adsorbed	 H2O.	 In	
addition,	the	  	takes	the	form	of	  	by	protonation	at	acid	pH.	Two	ways	were	proposed	
for	 the	 formation	of	singlet	molecular	oxygen:	 the	coupling	between	two	  	generates	an	
























 High	 photoactivity	 and	 photoabsorption	 in	 the	 visible	 range	 or	 near	 UV	 range	 of	 the	
electromagnetic	 spectrum:	 This	 characteristic	 should	 result	 in	 considerable	 economic	
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savings	especially	 for	 large‐scale	operations	since	 it	 is	possible	 to	 take	advantage	of	one	of	
the	most	important	renewable	energy	sources,	the	Sunlight.	In	the	solar	spectrum	(Figure	1‐
11),	 a	 large	 fraction	of	 the	 solar	 light	 reaching	Earth	 surface	 (about	43%	of	 the	 energy)	 is	
visible	 light	and	 less	 than	5%	correspond	to	UV	 light.	The	near‐IR	and	IR	wavelengths	also	
present	in	the	Sunlight	(about	50%)	do	not	promote	electronic	transitions	[81].	UV	photons	
are	 more	 energetics	 and	 can	 cause	 considerable	 decomposition	 reactions	 even	 in	 the	
photocatalysts,	 when	weak	 bonds	 are	 present	 or	 when	 the	 compounds	 possess	 structural	








 Photostability	 and	 stability:	 The	 photocatalyst	 must	 be	 resistant	 to	 changes	 under	 the	
influence	 of	 light	 (i.e.	 photoisomerization,	 degradation).	 The	 deactivated	 states	 of	 the	
photocatalyst,	 resulting	 from	 the	 initial	 photochemical	 step,	 must	 be	 sufficiently	 stable	 to	










of	 a	 photochemical	 reaction	 in	 the	 equation	 to	 determine	 the	 Gibbs	 free	 energy	 of	 a	
photoinduced	electron	 transfer,	 it	 is	possible	 to	know	 if	 the	 reaction	 is	 thermodynamically	
favorable	[83,84].	
	
 Reusability:	The	photocatalyst	must	be	able	 to	extend	 its	use	without	substantial	 loss	of	
photocatalytic	 activity,	 with	 easy	 recovery	 from	 the	 reaction	 medium	 by	 filtration	 or	
centrifugation	or	being	part	of	supported	materials	or	active	films	[78].	
	





In	 the	 field	 of	 photocatalysts,	 the	 inorganic	 semiconductors	 have	 been	 the	 most	 studied	
compounds.	However,	 in	 the	need	to	 improve	their	efficiency,	other	photocatalytic	systems	
have	 been	 explored.	 These	 are	 hybrid	 materials	 (doped	 and	 sensitized	 inorganic	

















stable	 form.	 In	 all	 three	 forms,	 titanium	 (Ti4+)	 atoms	 are	 coordinated	 to	 six	 oxygen	 (O2–)	
atoms,	forming	TiO6	octahedra.	The	band	gaps	are	3.2,	3.0,	and	3.2	eV	for	anatase,	rutile,	and	
brookite	 respectively.	 Commercial	 TiO2	 known	 as	 Degussa	 P25	 contain	 a	 combination	 of	
anatase	(80%)	and	rutile	(20%)	[77].	A	major	drawback	of	TiO2	and	other	transition	metal	
oxides	 is	 the	 large	band	gap,	which	makes	 that	TiO2	can	only	be	activated	upon	 irradiation	
with	 UV	 light,	 limiting	 the	 practical	 efficiency	 for	 solar	 applications.	 The	 white	 color	 is	 a	
reflection	of	the	fact	that	visible	light	is	not	absorbed	by	these	types	of	compounds	[81,87].	
Many	 research	 groups	 had	 tried	 and	 still	 are	 working	 to	 expand	 their	 photoabsorption	





binary,	 ternary	 or	 quaternary	 compounds.	 In	 most	 cases,	 TiO2	 is	 one	 of	 the	 constituents.	
Coupled	semiconductors	significantly	enhance	the	photocatalytic	efficiency	by	decreasing	the	
recombination	 rate	 of	 the	 electron‐hole	 pairs,	 with	 an	 improvement	 in	 the	 photostability	
[77,89].	One	interesting	example	is	the	CdS/TiO2	mixture.	CdS	is	a	fascinating	material	with	
ideal	band	gap	energy	 for	solar	 light	application	(2.4	eV).	However,	CdS	 is	prone	 to	photo‐
corrosion	in	humid	environments.	To	overcome	this	problem,	CdS	has	been	combined	with	
semiconductors	 such	 as	 ZnO	 and	 TiO2.	 It	 was	 found	 that	 the	 coupling	 of	 TiO2	 with	 CdS	
















light	 photocatalysis	 and	 also	 can	 increase	 nine	 times	 the	 photocatalytic	 activity	 at	
wavelengths	higher	than	450	nm,	whit	a	shift	in	the	band	gap	from	3.2	to	2.3	eV.	Nitrogen	can	
be	 easily	 introduced	 in	 the	 TiO2	 structure	 due	 to	 its	 comparable	 atomic	 size	 with	 oxygen	






Au	 have	 extended	 the	 spectral	 response	 into	 the	 visible	 region	 improving	 the	 efficiency.	
However,	the	photocatalytic	activity	has	not	been	remarkably	enhanced	because	the	metals	
introduced	 were	 not	 incorporated	 into	 the	 TiO2	 structure	 remaining	 on	 the	 TiO2	 surface.	
Possible	 limitations	 are	 photo‐corrosion	 and	 charge	 recombination	 favoring	 at	metal	 sites.	





of	 TiO2	 is	 to	 modify	 its	 surface	 with	 an	 organometallic	 or	 a	 conjugated	 organic	molecule,	
which	upon	excitation	will	inject	an	electron	into	de	CB	of	the	inorganic	semiconductor	with	
the	 creation	 of	 a	 positive	 hole	 in	 the	 sensitizer.	 The	 compounds	 used	 for	 this	 purpose	 are	
transition	 metal	 complexes	 such	 as	 ruthenium	 polypyridyl,	 organic	 dyes	 and	 conjugated	
oligomers	 and	 polymers.	 The	 advantage	 of	 this	 strategy	 is	 the	 ability	 of	 the	 sensitizer	 to	





dyes:	methyl	orange	 (MO)	and	methylene	blue	 (MB)	under	UV	radiation,	and	 the	reactions	









(Figure	 1‐12b)	 in	 the	 degradation	 of	 rhodamine	 B	 (RhB)	 under	 UV	 and	 visible	 light	
irradiation	with	excellent	results	compared	with	those	obtained	with	only	TiO2	[105].	On	the	




is	 one	 of	 the	 few	 reports	 where	 sensitized	 TiO2	 is	 used	 in	 organic	 synthesis,	 the	 results	





in	 this,	 the	 copolymer	 poly(fluorene‐co‐thiophene)	 (PFT)	 is	 used	 as	 a	 sensitizer	 of	 TiO2	










of	 MB	 under	 UV	 light	 [110].	 In	 2012,	 Mesgari	 et	 al.	 reported	 the	 visible	 light	 induced	
photocatalytic	 degradation	 of	 MO	 by	 the	 phthalocyanine‐modified	 Fe‐doped	 TiO2	
nanocrystals	(Pc/Fe‐TiO2,	Figure	1‐12h).	This	system	decreases	the	band	gap	of	TiO2	from	3.2	
to	 2.26	 eV	 and	 showed	 to	 be	 more	 active	 than	 pure	 TiO2	 [111].	 In	 addition	 to	 these	
structures,	 transition	metal	 complexes	 also	 has	 been	 investigated	 as	 photosensitizers,	 one	
example	 is	 the	 reported	 by	 Woolerton	 et	 al.	 in	 2009,	 in	 which	 TiO2	 nanoparticles	 were	




In	 recent	 years,	 has	 gained	 increasing	 interest	 the	 use	 of	 simple	 organic	 dyes	 as	
photosensitizers	 of	 inorganic	 semiconductors,	 examples	 are	 the	 reported	 by	 Kuo	 et	 al.	 in	
2008,	using	MB	and	Rose	Bengal	(RB)	as	photosensitizers	of	TiO2	(Figures	1‐12j	and	1‐12k).	
The	 mixtures	 showed	 to	 be	 active	 in	 the	 degradation,	 mineralization	 and	 microtoxicity	
reduction	 of	 carbaryl	 rinsate	 (a	 carbamate	 insecticide)	 using	 solar	 light	 [113].	 Moreover,	
eosin	Y	has	also	been	investigated	as	photosensitizer	of	TiO2	by	Vinú	et	al.	in	2010	(Figure	1‐




combine	 the	 interesting	 properties	 of	 organic	 and	 inorganic	 semiconductors	 to	 fix	 some	
Chapter	1	 29
	
deficiencies	 and	 enhance	 the	 global	 properties	 of	 a	 photocatalyst.	 Many	 other	 interesting	
systems	can	be	found	in	the	literature	[92‐95].	
	
The	mechanism	 that	a	photosensitizer/TiO2	 system	 follows	 in	a	photocatalytic	process	has	
been	 termed	 "electron‐injection	 mechanism"	 (Figure	 1‐13).	 In	 this,	 upon	 excitation	 with	
visible	 light,	 an	 electron	 is	 transferred	 from	 the	HOMO	 to	 the	 LUMO	of	 the	 sensitizer.	 The	
excited	molecule	subsequently	transfers	its	electron	into	de	CB	of	TiO2,	while	the	sensitizer	is	
converted	 to	 its	 cation	 radical	 and	 the	 VB	 of	 TiO2	 remains	 unaffected.	 This	 photoinduced	
electronic	transfer	(PET)	is	favorable	due	to	the	energetic	position	of	the	CB	on	TiO2	which	is	












 Organometallic	compounds:	Some	examples	of	 organometallic	 compounds	 that	have	
been	 reported	 as	 photoredox	 catalysts	 are	 showed	 in	 Figure	 1‐14.	 Transition	 metal	
















complex	 Cu(dap)2+	 (dap	 =	 2,9‐bis(p‐anisyl)‐1,10‐phenanthroline)	 showed	 in	 Figure	 1‐14d.	
This	 has	 photophysical	 properties	 similar	 to	 those	 of	 Ru(bpy)32+;	 upon	 irradiation	 with	
visible	light,	a	long‐lived	excited	species	with	strong	reductant	capability	is	obtained	[125].	In	
addition,	 the	palladium(II)‐porphyrin	 complex	 (PdF20TPP)	of	 Figure	1‐14e	was	 an	 efficient	
photoredox	catalyst	for	oxidative	C‐H	functionalization	under	visible	light	[126].	Inoue	et	al.	
reported	 the	 covalent	 attachment	 of	 a	 zinc	 porphyrin	 to	 a	 rhenium	 bipyridine	 tricarbonyl	
complex	 (Zn‐Re	 complex,	 Figure	 1‐14f)	with	 activity	 in	 the	 reduction	 of	 CO2.	 The	 complex	
possesses	 electron	 transfer	 properties	 from	 the	 porphyrin	 to	 the	 rhenium	 bipyridyl	 unit	
allowing	to	the	dyad	absorb	light	in	the	visible	region	of	the	electromagnetic	spectrum	(	=	
428	nm)	 [127,128].	 Another	 example,	 reported	 by	 Zhong	 and	 coworkers,	 is	 a	 platinum(II)	
terpyridyl	complex	(Figure	1‐14g),	which	has	a	superior	redox	potential	compared	with	that	
of	 Ru(bpy)32+	 in	 the	 excited	 state,	 thus,	 the	 Pt	 complex	was	 highly	 efficient	 in	 the	 aerobic	





tetrakis(carboxyphenyl)porphyrin	 groups	 (Zr‐MOF‐TCPP:	 MOF‐525,	 Figure	 1‐14h)	 was	
utilized	as	photoredox	catalyst	to	promote	the	oxidative	hydroxylation	of	aryl	boronic	acids	









 Organic	 semiconductors:	 The	 structures	 of	 some	 organic	 molecules	 studied	 as	
photoredox	catalysts	in	organic	synthesis	or	degradation	of	pollutants	are	showed	in	Figure	
1‐15	 [66,69,74,136‐140].	 The	 metal‐free,	 purely	 organic	 photoredox	 catalyst	 provides	
various	 advantages	 over	 the	 inorganic,	 hybrids	 and	 organometallic	 compounds.	 Many	











substituents,	 change	 in	 the	 conjugation	 length,	 etc.	They	are	more	 simple,	 inexpensive	and	
less	 or	 non‐toxic	 compounds	 compared	 with	 those	 that	 use	 transition	 metals,	 and	 are	
applicable	for	a	wide	range	of	chemical	transformations.	A	big	number	of	conjugated	organic	
compounds	 as	 photoredox	 catalysts	 have	 been	 reported	 in	 the	 literature.	 Various	 simple	
molecules	 have	 been	 used	 as	 photoredox	 catalysts	 due	 to	 the	 strong	 oxidizing	 properties,	





MEH‐PPV	 among	 other	 conjugated	 polymer	was	 used	 in	 the	 degradation	 of	 various	 textile	
dyes	such	as	Alizarin	S,	Alizarin	G,	Orange	G,	and	Remazol	brilliant	blue.	 	 Interestingly,	 the	
photocatalytic	activity	of	the	conjugated	polymers	was	significantly	higher	than	that	of	TiO2	
(Degussa	 P‐25)	 under	 similar	 conditions	 [66].	 Seven	 years	 later,	 Erdur	 et	 al.	 reported	 the	
photoredox	 catalytic	 activity	 of	 two	 PPV	 derivatives	 (PPV‐g‐PSt	 and	 PPV‐g‐PCL),	 these	
systems	 were	 highly	 efficient	 photo‐initiating	 systems	 for	 the	 cationic	 polymerization	 of	
epoxy	 or	 vinyl	 ether	 type	 monomers	 under	 visible	 light	 [69].	 Finally,	 a	 very	 interesting	
porous	conjugated	polymer	with	a	PV	core	(PCP‐PV)	was	published	by	Wang	et	al.	this	year.	
The	 compound	 showed	 to	 be	 an	 efficient	 metal‐free	 photoredox	 catalyst	 in	 the	 oxidative	
hydroxylation	of	 arylboronic	acids	under	visible	 light	 [140].	To	 the	best	of	our	knowledge,	
there	 are	 still	 no	 reports	 using	OPVs	 as	 photoredox	 catalysts.	 The	 applicability	 of	 some	of	
these	compounds	in	synthetic	organic	reactions	will	be	described	in	the	following	section.	
1.3.5 Applications	
All	 types	 of	 photocatalysts	 have	 been	 successfully	 used	 to	 catalyze	many	 reactions,	which	
have	been	applied	mainly	in	the	field	of	water	and	air	purification	by	abatement	of	organic,	
inorganic	 and	 biological	 pollutants,	 self‐decontaminating/self‐cleaning	 products,	 dye‐
sensitized	 cells	 as	 well	 as	 energy‐related	 areas	 with	 hydrogen	 production	 from	 water,	
organic	synthesis,	etc.	 [76,89].	These	applications	have	been	summarized	 in	Table	1‐2.	The	
diverse	groups	of	pollutants	in	water	can	produce	important	damages	in	human	health	and	
the	 aquatic	 environment,	 even	 at	 very	 low	 concentrations.	 Volatile	 organic	 compounds	











































Heterogeneous	 photocatalysis	 with	 TiO2	 and	 inorganic	 semiconductors	 has	 been	 more	
applied	 in	 the	 treatment	 of	 pollutants	 with	 high	 environmental	 impact,	 various	 reviews	
describe	 important	advances	 in	this	 field	[75,81,85,142].	Among	these	pollutants	are	heavy	
metals	 (Pt4+,	 Au3+,	 Rh3+,	 Cr6+,	 Ag+,	 Hg2+,	 Pd2+),	 solvents,	 degreasing	 agents,	 	 aliphatic	 and	
halogenated	 hydrocarbons,	 aliphatic	 alcohols,	 aliphatic	 and	 aromatic	 carboxylic	 acids,	
phenols,	 chlorophenols,	 dyes,	 surfactants,	 herbicides,	 pesticides,	 chlorinated	 volatile	











these	 are;	 cavitation,	 Fenton’s	 chemistry,	 photocatalytic	 oxidation	 (Advanced	 oxidation	
processes),	ozonation	and	hydrogen	peroxide‐based	methods.	Among	these,	photocatalysis	is	
gaining	importance	in	the	area	of	environmental	remediation,	since	these	processes	result	in	
complete	 mineralization	 with	 operation	 at	 mild	 conditions,	 taking	 advantage	 of	 unlimited	
sources	of	energy	such	as	sunlight	[74,87].	
	
In	 the	 field	 of	 organic	 synthesis,	 the	 photocatalysis	 allows	 to	 carry	 out	 a	 big	 number	 of	
chemical	transformations	to	obtain	products	of	great	industrial	interest.	Traditional	methods	
often	 have	 a	 poor	 atom	 economy	 and	 are	 carried	 out	 under	 rather	 harsh	 conditions	 (e.g.,	
strongly	 basic	 or	 acidic,	 high	 temperatures,	 use	 of	 toxic	 transition	 metal	 catalysts).	
Photochemical	 reactions	 are	 advantageous	 because	 activation	 is	 obtained	 by	 light,	 which	
leaves	 no	 residues	 (whereas	 most	 catalytic	 methods	 involve	 the	 use	 of	 toxic/polluting	
reagents),	 these	 occur	 under	 mild	 conditions	 and,	 in	 many	 cases,	 high	 yields	 and	 high	
selectivity	are	obtained.	Some	reviews	have	been	dedicated	to	describe	the	most	significant	
advances	 in	 this	 field	 [73,141,143].	 For	 the	purposes	of	 this	 research,	we	emphasize	 some	





of	bond	 is	 a	 challenging	 research	area	 in	organic	 synthesis.	One	example	 is	 the	 reaction	of	
tetrahydroisoquinolines	with	dialkyl	phosphonates	 to	give	‐amino	phosphonates	 (Scheme	
1‐7).	‐Amino	phosphonates	are	a	very	interesting	structural	motif	in	medicinal	and	organic	











(Scheme	 1‐8)	 [145].	 The	 synthesis	 of	 benzothiophene	 derivatives	 has	 attracted	 much	
attention	 in	 recent	 years	 due	 to	 their	wide	 application	 in	 biology,	 pharmacy,	 catalysis	 and	









generated	 as	 by‐products	 in	 different	 industries	 like	 agrochemicals,	 dye	 agents,	 and	
pharmaceutical	 products.	 Among	 various	 nitro‐compounds,	 4‐nitrophenol	 is	 one	 of	 the	
frequently	occurring	by‐products,	which	is	highly	toxic.	In	pharmaceutical	industries,	the	4‐
aminophenol	 is	 derived	 from	 the	 4‐nitrophenol	 by	 conventional	 reduction.	 The	 4‐
aminophenol	is	a	vital	precursor	for	the	production	of	different	medicines	like	paracetamol,	
phenacetin,	acetanilide,	etc.	In	the	majority	of	cases,	metals	in	acidic	conditions	are	used	for	
the	 reduction	 of	 4‐nitrophenol	 into	 4‐aminophenol.	 However,	 such	 process	 creates	
environmentally	toxic	metal	oxide	sludge.	To	overcome	the	above	issues,	the	reduction	of	4‐










PV	 derivatives	 was	 evaluated	 in	 two	 different	 reactions:	 (a)	 the	 oxidative	 synthesis	 of	‐
aminophosphonates	by	the	reaction	between	tetrahydroisoquinoline	and	dibenzyl	phosphite	
(Scheme	1‐10a),	and	(b)	the	reductive	synthesis	of	stilbene	from	diazonium	salts	and	styrene	
(Scheme	 1‐10b).	 These	 reactions	were	 carried	 out	 in	 glass	 vials	 placed	 into	 a	 home‐made	
stainless	steel	photocatalytic	reactor	consisting	of	a	cooled	internal	bath	and	a	series	of	LEDs	
with	the	appropriate	wavelength.	The	results	showed	that	PVs	catalyze	efficiently	C‐P	and	C‐
C	 coupling	 reactions,	 following	 oxidative	 and	 reductive	 pathways.	 In	 all	 cases,	 with	 PV	
systems	 as	 photocatalysts,	 it	was	 obtained	 a	 higher	 yield	 of	 the	 target	 products	 compared	
with	 those	obtained	 for	 reactions	 in	 the	absence	of	photocatalyst.	The	PV	 systems	 showed	














EW	 groups	 is	 an	 approach	 to	 the	 structural	 features	 that	 polymeric	 analogs	 need	 to	 be	
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In	 order	 to	 study	 the	 effect	 of	 the	molecular	 structure	 on	 the	 optical	 properties	 of	 totally	
trans‐trans	 phenylenevinylene	 oligomers	 (OPVs),	 sixteen	 1,4‐distyrylbenzene	 derivatives	







with	 only	 one	 exception,	 the	 ED	 and	 EW	 groups	 at	 the	 ends	 of	 OPV	 systems	 lead	 to	 a	
bathochromic	shift.	This	effect	is	intensified	with	the	introduction	of	methoxy	groups	on	the	
central	ring.	Consistent	with	these,	the	HOMO‐LUMO	gaps	(E)	decreases	as	the	strength	of	
ED	 and	 EW	 substituents	 increases.	 The	 EW	 substituents	 also	 lead	 to	 a	 decrease	 in	 the	
fluorescence	quantum	yields	(f),	while	ED	and	reference	compounds	exhibit	high	f	values.	
Theoretical	calculations	using	TD‐DFT	methods	were	performed	for	the	16	OPVs	with	good	
correlation	 between	 experimental	 and	 calculated	 absorption	 (r	 =	 0.99)	 and	 emission	 (r	 =	
0.93)	 wavelengths,	 among	 other	 properties.	 This	 contribution	 in	 the	 area	 of	 organic	
electronics	 can	 be	 used	 as	 a	 reference	 to	 better	 select	 the	most	 appropriate	 technological	





Poly(phenylenevinylene)	 (PPV)	 and	 its	 oligomers	 have	 attracted	 considerable	 attention	
because	 of	 their	 remarkable	 optical	 and	 electronic	 properties.	 In	 1970,	 Hörhold	 et	 al.	 [1]	
reported	 the	 optoelectronic	 properties	 of	 one	 of	 the	 first	 PPVs.	 Twenty	 years	 later,	
Burroughes	et	al.	 [2]	demonstrated	 that	PPVs	can	be	used	as	 the	active	element	 in	organic	








Because,	 PPVs	 very	 often	 are	 difficult	 to	 synthesize	 and	 characterize	 (i.e.	 poor	 solubility,	
heterogeneous	 structural	 configuration)	 [19],	 phenylenevinylene	 oligomers	 (OPVs)	 have	
drawn	interest	as	structural	models	for	PPVs.	The	synthesis	of	OPVs	is	much	easier;	allowing	
to	 obtain	 a	 large	 number	 of	 well‐defined	 chemical	 structures	 with	 better	 structural	 and	
optoelectronic	 characterization	 in	 a	 short	 time,	 information	 that	 can	 also	 be	 used	 as	
experimental	 data	 in	 theoretical	 studies	 to	 predict	 structure‐property	 relationships.	




such	 as	 Wittig	 [20‐22],	 Gilch	 [23],	 Wessling	 [24]	 and	 Knoevenagel	 [25,26],	 these	
methodologies	 present	 some	 disadvantages	 like	 harsh	 experimental	 conditions,	 unwanted	
byproducts	 and	often	yielding	a	mixture	of	cis‐	 and	 trans‐	 isomers.	On	 the	other	hand,	 the	
Mizoroki‐Heck	reaction	is	one	of	the	most	powerful	methods	for	the	formation	of	C=C	bonds	
under	 soft	 reaction	 conditions,	 with	 minimal	 structural	 limitations	 for	 precursors	 and	
yielding	all‐trans	vinyl	bonds	with	very	few	side	reactions	[27].	
	
In	 recent	 years	 several	 studies	 have	 been	 reported	 on	 the	 structural	 and	 optoelectronic	
properties	 of	 numerous	 substituted	OPVs,	with	 the	 goal	 of	 determining	 structure‐property	
relationships	 [27‐30].	 In	 order	 to	 contribute	 to	 the	 understanding	 of	 these	 technological	
attractive	materials,	here	we	report	the	synthesis	by	Mizoroki‐Heck	cross	coupling	reaction	
of	a	series	of	OPVs	with	different	ED	and	EW	substituents	 (Figure	2‐1)	 in	addition	 to	 their	
structural	 and	 optical	 characterization.	 Although	 several	 of	 these	 compounds	 have	 been	
previously	 reported	 but	 principally	 by	 other	 synthetic	methodologies,	 in	 this	 contribution	
OPVs	were	 synthesized	by	 the	Mizoroki‐Heck	 reaction,	which	also	made	possible	 to	obtain	
the	OPV	1h,	a	novel	compound	difficult	to	synthesize	by	most	commonly	used	methodologies	
mentioned	 above,	 such	 as	 the	 Wittig	 reaction.	 Some	 experimental	 results	 of	 the	
optoelectronic	 characterization	 were	 correlated	 with	 those	 calculated	 by	 computational	




accuracy	 that	 can	 be	 achieved	 with	 theoretical	 chemistry	 methods	 to	 study	 this	 type	 of	
materials.	The	study	of	the	effects	of	ED	and	EW	substituent	groups	on	the	properties	of	OPVs	








Aldehydes	 (3a‐e),	 styrene	 (4f),	 4‐acetoxystyrene	 (4g),	 1,4‐dimethoxybenzene	 (5),	
dihalobenzenes	(7a	and	7b),	4‐substituted	aryl	halides	(8a‐d),	methyltriphenylphosphonium	
bromide,	 potassium	 carbonate,	 bis(dibenzylideneacetone)palladium	 [Pd(dba)2],	
triphenylphosphite	 [P(OPh)3],	 triethylamine	 (TEA)	 and	 solvents	 were	 purchased	 from	












internal	 standard,	 and	 KBr	 was	 used	 as	 filling	 for	 solid	 NMR	 analysis.	 Mass	 spectra	 were	
taken	on	a	Bruker	UltrafleXtremeTM,	MALDI	TOF‐TOF	mass	spectrometer,	equipped	with	a	1	
kHz	Smart	Beam	Nd:YAG	laser	(355	nm).	‐Cyano‐4‐hydroxycinnamic	acid	(CHCA)	was	used	





solutions.	 Fluorescence	 spectroscopy	 (FL)	 was	 performed	 on	 a	 PTI	 QuantaMasterTM	 40	
spectrofluorometer	 in	 DMF	 and	 CHCl3	 solutions.	 Fluorescence	 quantum	 yields	 (f)	 were	
determined	at	exc	corresponding	to	the	absorption	maxima.	Quinine	sulfate	 in	0.1	M	H2SO4	
(f	=	0.54)	was	used	as	standard	 for	determination	of	 fluorescence	quantum	yields	 (f)	at	
exc	 corresponding	 to	 the	 absorption	 maximum	 of	 series	 1	 and	 to	 the	 first	 absorption	
maximum	 of	 series	 2	 (1).	 Perylene	 in	 ethanol	 (f	 =	 0.92)	 was	 used	 as	 standard	 for	
determination	of	the	f	at	exc	corresponding	to	the	second	absorption	maximum	of	series	2	
(2).	The	f	of	the	nitro	compound	in	series	1	(OPV	1b)	was	calculated	also	using	perylene	as	




Kohn–Sham	DFT	employing	 the	B3LYP	 functional	 [31].	First	 excited	 state	geometries	were	
calculated	 with	 the	 time‐dependent	 density	 functional	 theory	 (TD‐DFT)	 and	 the	 same	
functional.	 For	 all	 molecules,	 the	 initial	 geometry	 was	 built	 with	 the	 C2h	 symmetry	 point	
group.	 The	 absorption	 and	 emission	 energies	 (Eabs	 and	 Eem)	 which	 correlates	 with	 the	
HOMO‐LUMO	 energy	 gaps	 (E),	 the	 maximum	 absorption	 (λabs)	 and	 emission	 (λem)	
wavelengths,	 the	 oscillator	 strengths	 (Fosc)	 that	 correlate	 with	 the	 molar	 attenuation	
coefficients	 (),	 and	 the	 spontaneous	 emission	 decay	 rates	 (kr)	 that	 correlate	 with	 the	
fluorescence	 lifetimes	 ()	were	 calculated.	 All	 calculations	were	 performed	with	 the	ORCA	






4‐Substituted	 styrenes	 (4a‐d)	 and	 1,4‐divinylbenzene	 (4e)	 were	 prepared	 by	 the	 Wittig	
reaction	 (Scheme	 2‐1).	 The	 general	 procedure	 is	 as	 follows:	 A	 mixture	 of	




temperature,	 the	 mixture	 was	 filtered	 and	 the	 solvent	 evaporated.	 The	 products	 were	
purified	 as	 colorless	 oils	 by	 silica	 gel	 chromatography	 with	 hexane	 or	 mixtures	 of	
heptane:ethyl	 acetate	 as	 eluent.	 Once	 synthesized,	 the	 styrenes	were	 used	 immediately	 to	
avoid	spontaneous	polymerization.	
	
 4‐Methoxystyrene	 (4a):	 Obtained	 as	 yellow	 oil	 with	 53%	 yield	 from	 4‐













































The	 reaction	 mixture	 was	 allowed	 to	 stir	 under	 reflux	 for	 24	 h	 to	 obtain	 a	 dark	 reddish	
solution.	 After	 this,	 200	mL	 of	 a	 saturated	 solution	 of	 sodium	 sulfite	 was	 added	 inducing	





The	OPV	 synthesis	was	 done	 following	 two	 different	 pathways	 according	 to	 the	Mizoroki‐
Heck	 reaction	 (Scheme	 2‐1).	 First;	 by	 the	 coupling	 between	 4‐substituted	 styrenes	 and	
dibromo	or	 diiodobenzenes	 (Method	A,	 Scheme	2‐1),	 and	 second;	 the	 reaction	 between	4‐
substituted	bromo	or	iodobenzenes	with	1,4‐divinylbenzene	(Method	B,	Scheme	2‐1).	
	




bar.	 Then,	 for	 both	 methods,	 it	 was	 added	 0.01	 equivalents	 (1	 mol%)	 of	 Pd(dba)2,	 0.1	
equivalents	 (10	 mol%)	 of	 P(OPh)3	 and	 5	 equivalents	 of	 TEA.	 The	 vial	 was	 sealed	 with	 a	
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PTFE/silicone	 septum	 with	 aluminum	 cap	 and	 purged‐saturated	 with	 N2,	 then	 2	 mL	 of	
solvent	was	injected	(dry	DMF	for	OPVs‐series	1	and	1,4‐dioxane	for	OPVs‐series	2,	Scheme	




The	 hydroxylated	 OPVs	 1i	 and	 2g	 were	 obtained	 by	 a	 base‐catalyzed	 hydrolysis	 (10	
equivalents	of	KOH	 in	methanol)	 from	1	equivalent	of	acetylated	derivatives	1d	 and	2f.	As	




greater	 difficulties	 to	 dissolve	 in	 most	 common	 organic	 solvents,	 were	 washed	 with	
chloroform	 and	 ethanol.	 Additionally,	 compounds	 1c,	 1f	 and	 1h	 were	 recrystallized	 from	
chloroform	and	OPVs	1a,	1b	 and	1d	 from	DMF.	The	OPVs‐series	2	were	precipitated	 from	
their	 reaction	 mixture	 with	 ethanol	 or	 water,	 the	 solids	 were	 filtered	 and	 dissolved	 in	
chloroform	 and	 they	 were	 passed	 through	 celite	 to	 finally	 get	 fluorescent	 solids	 after	
concentration	by	rotary	evaporation.	
	
 1,4‐Bis[(E)‐2‐(4‐methoxyphenyl)ethenyl]benzene	 (1a):	Obtained	as	a	 light	green	powder	
with	 65%	 yield	 from	4‐methoxystyrene	 (4a,	 0.8	mL,	 5.98	mmol)	 and	 1,4‐dibromobenzene	
(7a,	0.688	g,	2.92	mmol).	m.p.:	296‐300°C;	Lit.	310‐311°C	[35].	FT‐IR	(KBr):	ῡ	3019	(=C‐H),	
2955,	 2837	 (CH3),	 1603,	 1573,	 1515,	 1465	 (C=C),	 1252,	 1029	 (C‐O‐C),	 969	 (HC=CH	 trans),	
835	 cm‐1	 (para‐substitution).	 13C	 Solid‐State	 NMR	 (Solid	 +	 KBr):	 	 130.64	 (C‐1	 and	 C‐6),	

















from	 styrene	 (4f,	 0.8	 mL,	 7.23	mmol)	 and	 1,4‐dibromobenzene	 (7a,	 0.835	 g,	 3.54	mmol).	
m.p.:	254‐258°C;	Lit.	254°C	[29].	FT‐IR	(KBr):	ῡ	3024	(=C‐H),	1595,	1561,	1510,	1484,	1446	
(C=C),	 968	 (HC=CH	 trans),	 814	 (para‐substitution),	 690	 cm‐1(mono‐substitution).	 1H	 NMR	
(400	 MHz,	 CDCl3):	 	 7.12	 (d,	 4H,	 H‐3	 and	 H‐4,	 J	 =	 1.1	 Hz),	 7.53	 (s,	 d,	 8H,	 H‐1	 and	 H‐6	
overlapped),	 7.37	 (t,	 4H,	H‐7,	 J	 =	 7.6	Hz),	 7.26	 (t,	H‐8)	 ppm.	 13C	NMR	 (100	MHz,	 CDCl3):		
126.85	(C‐1),	136.71	(C‐2),	128.59	(C‐3),	128.27	(C‐4),	137.33	(C‐5),	126.52	(C‐6),	128.71	(C‐







cm‐1	 (para‐substitution).	 13C	 Solid‐State	 NMR	 (Solid	 +	 KBr):	 	 134.52	 (C‐1),	 131.42	 (C‐2),	
127.07	 (C‐3	 and	 C‐4),	 130.53	 (C‐5),	 123.75	 (C‐6),	 121.91	 (C‐7),	 149.67	 (C‐8),	 18.80	 (CH3),	













 1,4‐Bis[(E)‐2‐(4‐cyanophenyl)ethenyl]benzene	 (1f):	 Obtained	 as	 a	 yellow	 powder	 with	
90%	yield	 from	4‐bromobenzonitrile	 (8b,	1.123	g,	6.16	mmol)	and	1,4‐divinylbenzene	(4e,	
0.392	g,	3.01	mmol).	m.p.:	274‐276°C;	Lit.	279‐281°C	[38].	FT‐IR	(KBr):	ῡ	3026	(=C‐H),	2216	








 1,4‐Bis[(E)‐2‐(4‐methoxycarbonylphenyl)ethenyl]benzene	 (1g):	Obtained	as	a	 light	green	









 1,4‐Bis[(E)‐2‐(4‐acetylphenyl)ethenyl]benzene	 (1h):	 Obtained	 as	 a	 pale	 yellow	 powder	
with	58%	yield	from	4‐bromoacetophenone	(8d,	1.113	g,	5.59	mmol)	and	1,4‐divinylbenzene	
(4e,	 0.355	g,	 2.73	mmol).	m.p.:	 296‐298°C.	 FT‐IR	 (KBr):	 ῡ	3022	 (=C‐H),	 1672	 (C=O),	 1609,	
1551,	 1514	 (C=C),	 964	 (HC=CH	 trans),	 837	 cm‐1	 (para‐substitution).	 13C	 Solid‐State	 NMR	
(Solid	 +	 KBr):	 	 127.44	 (C‐1	 and	 C‐6),	 134.77	 (C‐2),	 123.93	 (C‐3	 and	 C‐4),	 136.33	 (C‐5),	




 1,4‐Bis[(E)‐2‐(4‐hydroxyphenyl)ethenyl]benzene	 (1i):	 Obtained	 as	 a	 green	 powder	 with	
85%	yield	from	1d	(0.3	g,	0.75	mmol)	and	KOH	(0.422	g,	7.53	mmol)	in	MeOH	(3	mL).	m.p.:	












 1,4‐Bis[(E)‐2‐(4‐dimethoxyphenyl)ethenyl]‐2,5‐dimethoxybenzene	 (2a):	 Obtained	 as	 a	
yellow	powder	with	40%	yield	 from	4‐methoxystyrene	 (4a,	 0.67	mL,	 5.09	mmol)	 and	1,4‐
diiodo‐2,5‐dimethoxybenzene	(6,	0.969	g,	2.48	mmol).	m.p.:	212‐214°C;	Lit.	209‐210°C	[41].	
FT‐IR	(ATR):	ῡ	3059	(=C‐H	Ar),	2908,	2833	(CH3),	1600,	1573,	1510,	1464	(C=C	Ar),	1249,	




rings),	 55.33	 (CH3‐O,	 central	 ring),	 151.38	 (C‐1),	 108.97	 (C‐2),	 126.55	 (C‐3),	 121.18	 (C‐4),	
128.33	 (C‐5),	130.75	 (C‐6),	127.78	 (C‐7),	114.10	 (C‐8),	159.21	(C‐9)	ppm.	MALDI‐MS:	Calc.	
for	 C26H26O4:	 402.183;	 found:	 403.23.	 Anal.	 Calc.	 For	 C26H26O4:	 C,	 77.59;	 H,	 6.51;	 O,	 15.90.	
Found:	C,	75.62;	H,	6.38;	O,	16.01	(Appendix	2‐Q).	
	
 2,5‐Dimethoxy‐1,4‐bis[(E)‐2‐(4‐nitrophenyl)ethenyl]benzene	 (2b):	 Obtained	 as	 a	 red	
powder	with	 95%	 yield	 from	 4‐nitrostyrene	 (4b,	 0.707	 g,	 4.74	mmol)	 and	 1,4‐diiodo‐2,5‐













dimethoxybenzene	 (6,	 1.052	 g,	 2.70	 mmol).	 m.p.:	 183‐185°C;	 Lit.	 176‐178°C	 [41].	 FT‐IR	
(ATR):	ῡ	3049	(=C‐H	Ar),	2912,	2829	(CH3),	1514,	1493,	1460	(C=C	Ar),	1259,	1047	(C‐O‐C),	








 1,4‐Bis[(E)‐2‐(4‐cyanophenyl)ethenyl]‐2,5‐dimethoxybenzene	 (2d):	 Obtained	 as	 a	 yellow	
powder	with	75%	yield	 from	4‐cyanostyrene	(4d,	0.67	mL,	5.22	mmol)	and	1,4‐diiodo‐2,5‐
dimethoxybenzene	(6,	0.993	g,	2.55	mmol).	m.p.:	284‐286°C;	Lit.	297°C	[42].	FT‐IR	(ATR):	ῡ	
3055	 (=C‐H	Ar),	2993,	2835	 (CH3),	2220	 (C≡N),	1597,	1493,	1465	 (C=C	Ar),	1209	 (C‐O‐C),	
956	 (HC=CH	 trans),	 815	 cm‐1	 (para‐substitution).	 1H	NMR	 (400	MHz,	CDCl3):		 3.95	 (s,	 6H,	
CH3‐O),	7.13	(s,	d,	4H,	H‐2	and	H‐4	overlapped),	7.59	(d,	Jtrans	=	16.4	Hz,	2H,	H‐5),	7.63	(d,	8H,	
H‐7,	H‐8,	J	=	1.4	Hz)	ppm.	13C	NMR	(100	MHz,	CDCl3):		56.26	(CH3‐O),	110.49	(C‐1),	109.29	
(C‐2),	 126.49	 (C‐3),	 126.81	 (C‐4),	 127.47	 (C‐5),	 142.22	 (C‐6),	 126.96	 (C‐7),	 132.48	 (C‐8),	












































during	purification,	 transport	or	 storage,	 they	were	synthesized	by	 the	Wittig	 reaction	and	
once	 obtained	 they	 were	 used	 immediately	 in	 the	 Mizoroki‐Heck	 reaction.	 As	 shown	 in	
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Scheme	 2‐1,	 two	 different	 paths	 can	 be	 used	 to	 accomplish	 the	 reaction.	 In	 the	 first	 case	
(method	A)	an	excess	of	4‐substituted	styrene	was	used,	while	in	the	second	case	(method	B)	
the	excess	was	for	the	4‐halobenzene.	In	both	cases	the	excess	of	terminal	rings	precursors	
was	 given	 to	 try	 to	 ensure	 that	 di‐coupling	 products	were	 preferentially	 obtained	 and	not	
those	of	a	single	coupling.	
	










To	 emphasize	 the	 importance	 of	 the	 pure	 trans‐configuration	 in	 the	 vinyl	 bonds	 of	 OPV	
systems	 for	 some	 specific	 applications,	 it	 has	 been	 reported	 that	 compounds	 with	 trans‐
configuration	 adopts	 a	 more‐planar	 conformation,	 which	 is	 beneficial	 for	 the	 electronic	
conjugation	and	promotes	the	improvement	of	the	photoluminescence	intensity	[45,46].	On	
the	 other	 hand,	 cis‐conformation	 leads	 to	 structural	 torsions	 which	 decrease	 the	 electron	




As	 it	 was	 mentioned	 above	 most	 of	 the	 compounds	 synthesized	 here	 have	 already	 been	
reported	 in	 the	 literature	 but	 mainly	 by	 Wittig	 and	 Horner‐Wadsworth‐Emmons	 (HWE)	











Besides	 the	advantage	of	yielding	products	with	pure	 trans‐configuration,	 the	methodology	
used	 allows	 to	 synthesize	 the	 novel	 OPV	1h	 (R	 =	 ‐COCH3)	 from	 the	 corresponding	 ketone	
derivative	 (4‐bromoacetophenone)	 and	1,4‐divinylbenzene,	which	by	 other	methodologies,	
like	 the	 Wittig	 reaction	 (using	 the	 proper	 precursors)	 may	 generate	 several	 products	 by	
competing	 reactions	 or	 the	 need	 of	 extra	 synthetic	 steps	 like	 protection‐deprotection	 of	
carbonyls.	As	drawback,	it	was	found	that	compounds	of	series	1	have	very	limited	solubility	
in	 most	 common	 solvents,	 making	 very	 difficult	 the	 purification	 and	 characterization	





























absorbance	 to	 the	 intersect	 with	 the	 energy	 axis,	 the	 E	 value	 is	 obtained	 [49,	 50].	 The	





where	f(OPV)	 and	f(ST)	 are	 the	 fluorescence	quantum	yield	 of	 the	 sample	 and	of	 standard,	
respectively	(the	subscript	f	describes	fluorescence).	f(OPV)	and	f(ST)	are	the	absorption	factors,	
the	 fraction	 of	 the	 light	 impinging	 on	 the	 sample	 that	 is	 absorbed:	 f(OPV)	 =	 1–10–A(OPV)	 and					
f(ST)	=	1–10–A(ST).	F(OPV)	y	F(ST)	are	the	integrated	intensities	(areas	under	the	emission	curve)	of	


























































DMF	 408	(max)	 58800	 2.75	 540	(max)	 0.06b	 1.31	(N2)	















































































































































































































































































































































(1).	 b	 Perylene	 was	 used	 as	 standard	 for	 determination	 of	 the	 f	 at	 exc	 corresponding	 to	 the	





in	 that	positions	 (OPVs	1c	 and	2e).	Similar	effect	 is	observed	 in	 the	emission	spectra.	This	
trend	 is	 observed	 for	 most	 of	 the	 substituents,	 except	 for	 the	 compound	 1e	 (R	 =	 ‐C6H5),	
where	 the	 phenyl	 group	 caused	 a	 hypsochromic	 effect,	 might	 be	 due	 to	 the	 extended	




ED	 or	 EW	 strength	 of	 the	 substituents.	 In	 this	 work,	 it	 was	 observed	 that	 the	 ED	 groups	




















OPV	 1e	 1d	 1a	 1i	 1g	 1f	 1h	 1b	
R	 C6H5	 OCOCH3	 OCH3	 OH	 COOCH3	 CN	 COCH3	 NO2	
DMF	
abs	(nm)	 ‐11	 3	 13	 13	 19	 19	 25	 51	
em	(nm)	 ‐8	 5	 16	 18	 24	 27	 34	 134	
CHCl3	
abs	(nm)	 ‐6	 3	 12	 10	 18	 18	 25	 45	
em	(nm)	 3	 4	 17	 16	 26	 24	 36	 107	
	




by	 carbonyl	 group	 on	 OPV	 1g:	 18‐19	 nm	 in	 UV‐vis	 and	 24‐26	 nm	 in	 FL	 with	 respect	 to	
unsubstituted	OPV	1c),	suggesting	that	EW	substituents	have	a	greater	bathochromic	effect	
than	ED	substituents.	This	is	also	corroborated	for	series	2;	the	presence	of	the	acetoxy	group	























with	 respect	 to	 the	 reference	 compound	 in	 comparison	 to	 series	1.	The	 shifts	obtained	 for	
OPVs	2c	 (R	 =	 ‐CH3)	 and	2f	 (R	 =	 ‐OCOCH3)	 are	 very	 small	 and	 similar,	 shifts	 of	 1‐2	nm	 for	
absorption	wavelengths	1,	increments	of	2	nm	for	2,	and	shifts	of	(‐2)‐1	nm	in	the	emission	
spectrum	of	OPV	2c,	 and	 of	 1‐3	nm	 in	 FL	 of	OPV	2f.	 The	 red	 shift	 increases	 slightly	when	






13‐15	 nm	 (1)	 and	 24‐25	 nm	 (2)	 in	 the	 UV‐vis	 and	 33‐44	 nm	 in	 the	 FL	 spectra	 were	
obtained,	 and	 similar	 to	 series	 1,	 the	 OPV	 with	 nitro	 groups	 of	 series	 2	 (compound	 2b),	
possess	 the	 highest	 bathochromic	 effect.	 Although	 this	 OPV	 did	 not	 show	 appreciable	
emission	in	DMF,	the	absorption	spectrum	showed	the	greatest	shift	with	values	of	29‐34	nm	
(1)	 and	 51‐55	 nm	 (2).	 In	 chloroform,	 this	 group	 has	 increments	 of	 133	 nm	 in	 FL.	
Interestingly,	 this	 compound	 also	 presents	 a	 particular	 behavior	 among	 the	 sixteen	 OPVs	





emission	at	530	nm.	Recently	 it	was	reported	that	 the	emission	of	2b	changes	 from	432	to	







OPV	 2c	 2f	 2a	 2g	 2d	 2b	
R	 CH3	 OCOCH3	 OCH3	 OH	 CN	 NO2	
DMF	
1	abs	(nm)	 1	 1	 11	 11	 15	 34	
2	abs	(nm)	 2	 2	 5	 5	 25	 55	
em	(nm)	 ‐2	 1	 1	 1	 44	 ‐	
CHCl3	
1	abs	(nm)	 2	 2	 3	 1	 13	 29	
2	abs	(nm)	 2	 2	 4	 3	 24	 51	
em	(nm)	 1	 3	 4	 4	 33	 133	
	
Although	 the	 shift	 of	ED	and	EW	groups	 seems	 to	be	 lower	 in	OPVs	of	 series	2	 that	 in	 the	
series	1	with	respect	to	unsubstituted	OPVs	for	each	series,	 it	 is	 important	to	note	that	the	
absorption	and	emission	wavelengths	of	OPVs	in	series	2	are	more	shifted	toward	the	visible	
region,	indicating	that	the	presence	of	two	ED	methoxy	groups	over	the	central	ring	strongly	
increases	 the	 bathochromic	 shift	 of	 OPVs.	 Comparing	 the	 reference	 compounds	 in	 each	














OPV	 1c	vs	2e	 1d	vs	2f	 1a	vs	2a	 1i	vs	2g	 1f	vs	2d	 1b	vs	2b	
R	 H	 OCOCH3	 OCH3	 OH	 CN	 NO2	
DMF	
	abs	(nm)	 36	 35	 28	 28	 42	 40	
em	(nm)	 30	 26	 15	 13	 47	 ‐	
CHCl3	
	abs	(nm)	 34	 33	 26	 27	 40	 40	
em	(nm)	 26	 25	 13	 14	 35	 52	
	
When	 the	 terminal	 groups	 are	 ED,	 the	 bathochromic	 effect	 of	 the	 methoxy	 groups	 in	 the	
central	 ring	 tends	 to	 be	 lower	 than	 those	 generated	 for	methoxy	 groups	 in	 the	 reference	
compound	2e	with	respect	to	1c.	In	OPVs	2f	(R	=	‐OCOCH3),	the	methoxy	groups	generate	a	
shift	of	33‐35	nm	in	UV‐vis	and	25‐26	nm	in	FL	with	respect	to	OPV	1d.	Compound	2a	(R	=	‐























	 Solvent	 OPV	 1a	 2e	 2a	
DMF	
	abs	(nm)	 13	 36	 41	
em	(nm)	 16	 30	 31	
CHCl3	
	abs	(nm)	 12	 34	 38	


















NO2	 <	 COCH3	 <	 COOCH3	 <	 CN	 <	 OH	 <	 OCH3	 <	 OCOCH3	 <	 H	 <	 C6H5	
2.75	 	 2.97	 	 3.01	 	 3.03	 	 3.06	 	 3.08	 	 3.17	 	 3.20	 	 3.28	
	
Series	1	in	CHCl3:		
NO2	 <	 COCH3	 <	 COOCH3	 <	 CN		 <	 OCH3	 <	 OH		 <	 C6H5	 <	 OCOCH3	 <	 H	





	 NO2	 <	 CN		 <	 OCH3,	OH	 <	 CH3,	OCOCH3	 <	 H	
DMF		 2.50	 	 2.71	 	 2.85	 	 2.88	 	 2.89	
CHCl3		 2.53	 	 2.73	 	 2.88	 	 2.91	 	 2.92	
	
The	EW	groups	 in	 the	OPV	system	 lead	 to	 smaller	E	values,	 being	 the	 lowest	 the	 ‐NO2	 in	
OPVs	 1b	 and	 2b.	 The	 ED	 groups	 also	 contribute	 to	 decrease	 the	 E	 with	 respect	 to	
unsubstituted	 OPVs,	 once	 again	 with	 the	 exception	 of	 OPV	 substituted	 with	 phenyl	 rings	
(OPV	1e)	in	the	measurements	in	DMF	which	in	this	case	presents	the	greatest	E	(3.28	eV).	
The	 trend	 shows	 that	 E	 decrease	 with	 the	 increase	 of	 ED	 and	 EW	 strength	 of	 the	
substituents,	 in	 agreement	with	 the	 increase	 in	 the	 bathochromic	 shift.	 This	 is	 reasonable,	








NO2	 <	 CN	 <	 COOCH3	 <	 COCH3	 <	 OCH3	 <	 OH	 <	 C6H5	 <	 OCOCH3	 <	 H	
0.06	 	 0.60	 	 0.63	 	 0.64	 	 0.66	 	 0.70	 	 0.72	 	 0.80	 	 0.86	
	
Series	1	in	CHCl3:		
NO2	 <	 H	 <	 CN	 <	 OCOCH3	 <	 C6H5		 <	 OCH3	 <	 OH		 <	 COCH3	 <	 COOCH3	
0.30	 	 0.57	 	 0.59	 	 0.60	 	 0.62	 	 0.64	 	 0.65	 	 0.66	 	 0.70	
	
Series	2	in	DMF:	
1	 NO2	 <	 CN		 <	 OCH3	 <	 CH3	 <	 0H	 <	 OCOCH3	 <	 H	
	 N/A	 	 0.45	 	 0.48	 	 0.50	 	 0.55	 	 0.56	 	 0.86	
	 	 	 	 	 	 	 	 	 	 	 	 	 	
2	 NO2	 <	 CN	 <	 OCH3	 <	 OH	 <	 OCOCH3	 <	 H	 <	 CH3	













ED	 and	 EW	 groups	 leads	 to	 a	 decrease	 in	 the	 f	 values	 compared	 to	 the	 unsubstituted	
compound	1c.	 In	 this	 case,	 the	 neutral	 OPV	 has	 the	 best	 value	 of	 quantum	 yield,	 and	 ED	
groups	such	as	‐OCOCH3,	‐C6H5,	‐OH	and	‐OCH3	have	also	high	values	of	f.	The	inclusion	of		
EW	groups	such	as	‐COCH3,	‐COOCH3	and	‐CN	leads	a	decrease	in	the	quantum	yield	and	the	





absorption	maximums	 (1	and	2).	 Similar	 to	 that	 found	 for	 series	1	 in	DMF,	 the	 reference	
compounds	without	substituents	in	the	terminal	rings	exhibits	high	values	of	quantum	yield.	
In	all	cases,	the	OPVs	with	nitro	and	cyano	groups	present	the	lowest	values	of	f.	ED	groups	
such	 as	methoxy,	 hydroxyl	 and,	 acetoxy	have	 also	high	 values	of	f,	 and	 the	methyl	 group	
present	one	of	the	best	fluorescence	quantum	yields	of	this	series.	Chaieb	and	coworkers	also	




conditions	 (Table	 2‐1).	 It	 can	 be	 noticed	 that	 there	 are	 no	 trends	 in	 the	 values	 obtained	
related	with	the	electronic	nature	of	the	substituents.	However,	it	was	observed	that	series	1	
present	 lifetimes	with	 values	 between	 0.84‐1.38	 ns	 under	N2	 and	 series	 2	 values	 between	
0.88‐1.58	 ns	 under	 N2.	 These	 short	 values	 near	 to	 1	 ns	 are	 consistent	 with	 the	 high	
fluorescence	 quantum	 yields	 obtained,	 because	 the	 quantum	 yields	 are	 related	 with	 the	
emissive	 rate	 of	 the	 fluorophore.	 Large	 emissive	 rate	 values	 lead	 to	 high	 fluorescence	
quantum	yields	and	short	lifetimes.		
1	 NO2	 <	 CN,	OCH3	 <	 OH	 <	 OCOCH3,	H	 <	 CH3	
	 0.03	 	 0.54	 	 0.56	 	 0.68	 	 0.75	
2	 NO2	 <	 CN	 <	 OH	 <	 OCOCH3,	H	 <	 OCH3,	CH3	











the	 absorption	 and	 emission	 energies	 (ΔEabs	 and	 ΔEem)	 correlates	 with	 the	 HOMO‐LUMO	
energy	 gaps	 (ΔE),	 the	 oscillator	 strengths	 (Fosc)	 correlate	 with	 the	 molar	 attenuation	
coefficients	 (),	 and	 the	 spontaneous	 emission	 decay	 rates	 (kr)	 correlate	 with	 the	
fluorescence	 lifetimes	 ().	 Vertical	 transition	 energies	 and	 Fosc	 values	 were	 obtained	 from	
single‐point	calculations	with	the	CAM‐B3LYP	functional	[52]	at	the	ground	state	(ΔEabs)	and	
excited	 state	 (ΔEem)	 geometries.	 Five	 excited	 states	 were	 obtained	 for	 each	 geometry.	We	
have	chosen	this	functional	because	it	corrects	the	B3LYP	results	for	molecules	with	charge	
transfer	 excitations	 [53].	Maximum	absorption	 (λabs)	 and	 emission	 (λem)	wavelengths	were	
calculated	from	the	ΔEabs	and	ΔEem	values	according	to	the	equations	2‐3	and	2‐4.		
	
λabs	=	hc/ΔEabs	 (Equation	2‐3)		 	 λem	=	hc/ΔEem	 (Equation	2‐4)		
	
The	 spontaneous	 emission	 decay	 rate	 kr	 from	 excited	 to	 ground	 state	 was	 expressed	























ΔEabs	(eV)	 λabs	(nm)	 Fosc	 ΔEem	(eV)	 λem	(nm)	 kr	(ns‐1)	
1a	 ‐OCH3	 3.53	 352	 2.62	 3.18	 390	 1.21	
1b	 ‐NO2	 3.23	 383	 2.67	 2.95	 420	 1.07	
1c	 ‐H	 3.64	 341	 2.36	 3.27	 379	 1.16	
1d	 ‐OCOCH3	 3.56	 349	 2.72	 3.18	 390	 1.26	
1e	 ‐C6H5	 3.41	 364	 3.29	 3.00	 414	 1.37	
1f	 ‐CN	 3.44	 360	 2.84	 3.10	 400	 1.25	
1g	 ‐COOCH3	 3.42	 362	 2.84	 3.08	 402	 1.24	
1h	 ‐COCH3	 3.39	 366	 2.82	 3.06	 405	 1.21	
































Figure	 2‐4a	 presents	 a	 comparison	 between	 the	 calculated	 transition	 energies	 and	 the	
experimental	 HOMO‐LUMO	 energy	 gaps	 (E).	 This	 figure	 reveals	 that	 although	 the	 DFT	
results	 are	 in	 average	 0.40	 eV	 higher	 than	 the	 experimental	 values,	 there	 is	 an	 excellent	
agreement	 between	 these	 data	 (r	 =	 0.99).	 It	 was	 observed	 that	 the	 theoretical	 method	
correctly	predicts	that	the	energy	gaps	for	OPVs	of	series	1	(1a‐i)	are	 larger	than	those	for	
OPVs	 of	 series	 2	 (2a‐g).	 The	OPV	1e	 (R	 =	 ‐C6H5)	was	 excluded	 from	 the	 linear	 regression	
because	 the	 theoretical	 method	 overestimates	 the	 effect	 of	 the	 conjugation	 with	 phenyl	





experimental	 values,	 but	 these	 data	 are	 in	 excellent	 agreement	 as	 well	 (r	 =	 0.99).	 It	 was	




attenuation	 coefficients	 ().	 This	 figure	 reveals	 a	 positive	 correlation	 between	 these	




















from	 the	 linear	 regression	 presented.	 The	 calculations	 correctly	 predict	 that	 including	 the	





Figure	 2‐4:	 Comparison	 of:	 (a)	 calculated	 absorption	 energies	 (Eabs)	 and	 experimental	
HOMO‐LUMO	 energy	 gap	 (E),	 (b)	 calculated	 and	 experimental	 maximum	 absorption	
wavelengths	(abs),	(c)	calculated	oscillator	strengths	(Fosc)	and	molar	attenuation	coefficients	







Figure	 2‐5b	 presents	 a	 comparison	 of	 the	 kr	 values	 and	 the	 experimental	 fluorescence	
lifetimes	 ()	 under	N2.	 This	 figure	 reveals	 an	 inverse	 correlation	between	 these	quantities,	
although	 it	 is	 not	 high	 enough	 for	 quantitative	 predictions.	 This	 is	 in	 part	 because	 the	
experimental	 results	 include	 non‐radiative	 processes	 that	 are	 not	 included	 in	 our	
calculations,	exp	=1/(kr+knr).	 It	was	observed	that	 the	 theoretical	method	correctly	clusters	
the	transitions	of	OPVs	1a‐i	at	high	values	of	kr,	associated	to	low	values	of	,	and	OPVs	2a‐g	
at	 low	values	of	kr,	associated	to	high	values	of	.	The	qualitative	agreement	between	these	




(em),	 (b)	 calculated	 emission	 radiative	 constants	 (kr)	 and	 experimental	 fluorescence	





The	correlation	 found	between	experimental	and	calculated	properties	 shows	 that	TD‐DFT	
calculations	are	an	excellent	method	 to	predict	 structure‐property	 relationships.	Thus,	 this	
work	 also	 makes	 a	 valuable	 contribution	 by	 presenting	 theoretical	 chemistry	 as	 an	
alternative	to	study	conjugated	organic	materials.	
From	this	study,	it	can	be	inferred	that	the	phenylenevinylene	type	systems	possess	valuable	
optoelectronic	 properties,	 which	 can	 be	 adjusted	 with	 the	 inclusion	 of	 substituents	 with	
strongly	 ED	 and/or	 EW	 nature.	 The	 inclusion	 of	 these	 groups	 in	 the	 structure	 of	 PV	





‐COCH3.	 This	 could	 be	 quite	 beneficial	 when	 the	 goal	 is	 to	 take	 advantage	 of	 renewable	
sources	 such	 as	 solar	 energy	 to	 excite	molecules	 in	 order	 to	make	 them	 useful	 in	 various	
applications	 (i.e.	 as	 organic	 photo‐redox	 catalysts,	 components	 in	 the	 active	 layer	 of	
photovoltaic	 cells,	 conductive	materials,	 etc.).	 It	 was	 also	 noticed	 that	 unsubstituted	 OPVs	
exhibit	 excellent	 fluorescence	quantum	yields.	The	 inclusion	of	ED	groups	 such	as	acetoxy,	




Sixteen	 model	 OPVs	 were	 synthesized	 by	 Mizoroki‐Heck	 cross	 coupling	 reaction.	 The	
methodology	reported	could	be	used	as	synthetic	route	 for	PV	systems	with	highly	desired	
functional	 groups	 in	 their	 molecular	 structure,	 with	 high	 stereoselectivity	 to	 trans‐trans	
configuration	of	the	vinyl	bonds	and	allowing	the	synthesis	of	OPVs	that	present	difficulties	
to	be	obtained	by	other	synthetic	methodologies.	The	optoelectronic	study	in	DMF	and	CHCl3	
solutions	showed	that	ED	and	EW	groups	at	 the	end	rings	 lead	 to	a	red	shift	 in	absorption	
and	 emission	 spectra,	 with	 a	 magnitude	 that	 depends	 of	 the	 electronic	 strength	 of	 the	
substituents.	In	addition,	 inclusion	of	methoxy	groups	at	the	central	rings	increases	the	red	
shift	 into	 the	visible	 region	of	 the	electromagnetic	 spectrum.	However,	E	values	decrease	
with	increasing	of	ED	and	EW	strength	of	the	substituents.	Properties	like	molar	attenuation	
coefficient	 and	 fluorescence	 quantum	 yield	 were	 calculated	 without	 a	 clear	 trend.	
Nevertheless	it	was	found	that	EW	substituents	have	the	biggest	effect	over	the	decrease	of	
f	values	related	with	ED	substituents.	OPVs	with	ED	groups	specially	methyl,	acetoxy	and	
the	unsubstituted	 reference	 compound	 exhibit	 the	highest	 values	 of	 fluorescence	quantum	
yield	 and	 this	 is	 consistent	 with	 the	 short	 lifetimes	 obtained.	 From	 the	 theoretical	
calculations	it	 is	possible	to	accurately	predict	the	position	of	the	absorption	(r	=	0.99)	and	
emission	(r	=	0.93)	bands	for	OPVs.	Analysis	of	 the	absorption	oscillator	strength	allows	to	
qualitatively	 group	 OPVs	 with	 similar	 molar	 attenuation	 coefficient,	 and	 analysis	 of	 the	
calculated	 radiative	 constant	 allows	 to	 group	 OPVs	 with	 similar	 emission	 lifetimes.	 The	
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 Reduction	 and	 oxidation	 reactions	 were	 studied;	 a)	 The	 dehalogenation	 of	 vicinal	
dibromides,	 which	was	 efficient	with	 the	 unsubstituted‐OPV	 and	 ED‐OPVs,	 b)	 the	 aza‐
Henry	 reaction	 of	N‐phenyl	 tetrahydroisoquinolines,	 favored	 by	OPVs	with	 EW	 groups	
and,	 c)	 the	 hydroxylation	 of	 arylboronic	 acids,	 which	 was	 efficient	 with	 the	
unsubstituted‐OPV	and	OPVs	with	methoxy	and	cyano	groups.	
	
 Kinetic	 and	 thermodynamic	 studies	 were	 performed	 for	 some	 reactions.	 Quenching	
experiments	with	 triethylamine	were	 carried	out	 for	all	OPVs	and	 the	 results	 correlate	
well	 with	 the	 percent	 yields	 and	 conversions	 obtained	 in	 those	 reactions	 that	 involve	
amines	as	sacrificial	electron	donors.	
	









substituted	 with	 different	 electron‐donating	 (ED)	 and	 electron‐withdrawing	 (EW)	 groups	
were	 chosen	 and	 evaluated	 as	 photoredox	 catalysts	 in:	 a)	 the	 reductive	 dehalogenation	 of	
vicinal	 dibromides	 meso‐1,2‐dibromo‐1,2‐diphenylethane	 and	 (1,2‐dibromoethyl)benzene,	
b)	 the	 oxidative	 aza‐Henry	 reaction	 of	 2‐phenyl‐1,2,3,4‐tetrahydroisoquinoline	 and,	 c)	 the	
oxidative	hydroxylation	of	4‐methoxyphenylboronic	acid.	Results	showed	that	although	OPVs	
do	 not	 exhibit	 high	 stability	 at	 long	 irradiation	 times,	 they	 have	 efficient	 photoinduced	
electron	 transfer	 properties	 (PET),	 which	 allows	 them	 to	 increase	 the	 efficacy	 of	 certain	






a	 sacrificial	 electron	 donor,	 quenching	 experiment	 of	 the	 OPVs	 with	 triethylamine	 (TEA)	
were	performed.	From	these,	the	bimolecular	quenching	rate	constants	(kq)	were	measured.	
The	magnitude	 of	 this	 constant	 is	 related	 to	 the	 efficiency	 of	OPVs	 for	 PET	processed	 and	
correlates	 well	 with	 the	 obtained	 percent	 yields	 and	 conversions	 in	 the	 photocatalytic	
reactions.		
	
This	 study	 is	 a	 contribution	 to	 the	 developing	 of	 new	metal‐free	 photoredox	 catalysts	 and	
provides	 insights	 about	 the	 structural	 features	 to	 include	 in	 oligomeric	 and	 polymeric	 PV	
analogs,	in	order	to	get	highly	efficient	organic	photocatalyst.	
3.1 Introduction	
In	 the	 last	 few	 years,	 the	 use	 of	 organic	 dyes	 and	 organic	 semiconductors	 as	 photoredox	
catalysts	 has	 been	 increasingly	 explored	 and	 its	 results	 has	 been	 very	 useful	 in	 order	 to	
improve	a	wide	variety	of	synthetic	transformations	[1‐4].	Although	studies	with	Ru(II)	and	
Ir(III)	 transition	 metal	 complexes	 prevail	 in	 the	 literature	 [5‐12],	 the	 need	 to	 develop	




developed	 by	 a)	 professor	König	with	 Eosin	 Y	 [13]	 and	 Flavin	 [14],	 b)	 professor	Nicewicz	
with	 acridinium	 salts	 [15,16]	 and	 c)	 professor	 Scaiano	 with	 cationic	 organic	 dyes	 [17],	
methylene	blue	[18,19]	and	sexithiophene	[20].	Perhaps	the	main	advantage	of	 the	organic	
photoredox	catalysts	over	inorganic	and	organometallic	compounds	is	the	easiness	of	tuning	








future,	 their	 structural	polymeric	 analogs,	 the	poly	p‐phenylenevinylene	 (PV)	 systems.	PVs	
have	valuable	optical	and	electronic	properties	[21],	which	has	made	them	useful	in	a	wide	
range	of	applications	such	as	organic	light	emitting	diodes	(OLEDs)	[22,23],	lasers	dyes	[24],	
photovoltaic	 cells	 [25],	 chemosensors	 [26],	 linkers	 for	 metal	 organic	 frameworks	 (MOFs)	
[27]	and	interestingly	very	few	reports	have	explored	their	use	as	photosensitizers	[28‐31].	
	
Eleven	 of	 the	 sixteen	 OPVs	 described	 in	 Chapter	 2	 were	 selected	 to	 be	 evaluated	 as	
photoredox	 catalysts	 and	 their	 structures	 are	 shown	 in	 Figure	 3‐1.	 As	 in	 the	 previous	



































The	 OPVs	 were	 selected	 having	 the	 same	 terminal	 substituents	 in	 such	 a	 way	 that	 a	
comparison	can	be	made	between	the	compounds	of	series	1	and	series	2,	and	also	due	 to	
their	good	optoelectronic	properties	found,	for	example,	OPVs	with	NO2	and	CN	groups	lead	
to	the	 largest	bathochromic	shifts	 in	the	absorption	and	emission	spectra,	and	to	the	 lower	
HOMO‐LUMO	 energy	 gaps	 (E),	 while	 OPVs	with	 neutral	 and	 OCH3	 groups	 exhibited	 high	
fluorescence	quantum	yields.		Although	there	is	not	an	OPV	in	series	2	to	compare	with	OPV	
1f,	 it	 was	 decided	 to	 include	 this	 OPV	 due	 to	 their	 excellent	 optoelectronic	 properties	
described	 in	 the	 previous	 chapter	 (i.e.	 one	 of	 the	 largest	 bathochromic	 shift).	 OPVs	 with	
phenyl,	carboxyl,	and	acetoxy	groups	were	not	considered	due	to	 their	 limited	solubility	 in	
the	 solvents	 to	 perform	 the	 experiments.	 OPVs	 with	 phenyl	 groups	 gave	 an	 unexpected	
hypsochromic	 shift,	with	 the	 largest	 energy	 gap,	which	 is	 not	 favorable	 for	 photocatalysis.	
The	 idea	was	 to	evaluate	any	 trends	 in	 the	photocatalytic	 efficiency	and	 to	 correlate	 those	
results	 to	 the	 OPV	 chemical	 structure,	 especially	 with	 the	 electronic	 nature	 of	 the	
substituents.	
	
First,	 it	 was	 studied	 the	 photostability	 of	 OPVs,	 which	 allow	 selecting	 the	 source	 of	
irradiation	 to	 carry	 out	 the	 photocatalytic	 experiments.	 Subsequently,	 the	 OPVs	 were	
evaluated	 as	 photoredox	 catalysts	 in	 different	 reactions	 (Scheme	 3‐1):	 (a)	 the	 reductive	
dehalogenation	 of	meso‐1,2‐dibromo‐1,2‐diphenylethane	 (Scheme	 3‐1a),	 (b)	 the	 reductive	
dehalogenation	 of	 1,2‐dibromoethylbenzene	 (Scheme	 3‐1b),	 (c)	 the	 oxidative	 aza‐Henry	








bromination	 is	 a	 way	 to	 protect	 olefinic	 functionalities	 in	 some	 reactions	 and	 through	 a	
subsequent	debromination,	 the	double	bond	can	be	regenerated.	The	deprotection	of	 these	








dehalogenation	 of	 meso‐1,2‐dibromo‐1,2‐diphenylethane,	 (b)	 dehalogenation	 of	 (1,2‐





ii)	The	aza‐Henry	reaction,	also	called	nitro‐Mannich	reaction,	 is	of	high	 interest	 in	organic	
synthesis	 because	 allows	 the	 formation	 of	 C‐C	 bonds	 through	 a	 cross‐dehydrogenative	
coupling	 (CDC)	 between	 an	 active	 C‐H	 nucleophile	 and	 a	 C‐H	 bond	 in	 the		 position	 of	 a	






Later,	 some	 reports	 showed	 the	 possibility	 of	 using	 visible‐light	 photoredox	 catalyst	 like	
iridium	 [40]	 and	 ruthenium	 complexes	 [41].	 And	 recently,	 other	 metal	 catalysts	 such	 as	











by	using	 the	oligomeric	 approach	 to	 explore	 for	 insights	 about	 the	 structural	 features	 that	
segmented	 polymers	 with	 the	 phenylenevinylene	 moiety	 must	 have	 to	 be	 valuable	 in	
photocatalysis.	 We	 believe	 that	 the	 advantages	 associated	 with	 using	 polymers	 as	




All	 OPVs	 were	 synthesized	 by	 Mizoroki‐Heck	 cross	 coupling	 reaction	 and	 the	 synthetic	
procedures	were	described	 in	 chapter	2.	meso‐1,2‐Dibromo‐1,2‐diphenylethane	 (diBrdiPE),	
cis	and	trans‐stilbene,	(1,2‐dibromoethyl)benzene	(diBrEB),	styrene,	nitromethane	(MeNO2),	
4‐methoxyphenol	(4‐MPOH),	N,N‐diisopropylethylamine	(DIPEA),	 triethylamine	(TEA),	tert‐
butylbenzene	 and	 caffeine	 were	 purchased	 from	 Sigma‐Aldrich.	 4‐Methoxyphenylboronic	
acid	(4‐MPBA),	N,N,N’,N’‐tetramethylethylenediamine	(TMEDA)	and	dry	dimethylformamide	
(DMF)	 were	 purchased	 from	 Acros	 Organics.	 2‐Phenyl‐1,2,3,4‐tetrahydroisoquinoline	
(PhTHIQ)	 was	 synthesized	 according	 to	 reported	 protocols	 [17,45]	 and	 the	 detailed	
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procedure	 is	 described	 in	 the	 Appendix	 3‐A.	 Solvents	 such	 as	 dimethyl	 sulfoxide	 (DMSO),	
chloroform	 (CHCl3)	 and	 hexane	 were	 purchased	 from	 Fisher	 Scientific	 and	 deuterated	
























temperatures	 of	 injectors	were	 set	 at	 250	 and	50	 °C.	 The	detector	 temperature	was	 set	 at	
150°C.	
	
Cyclic	 voltammetry	 (CV)	 measurements	 were	 performed	 with	 saturated	 solutions	 of	 the	




working	 electrode	 (WE),	 a	 Pt	 mesh	 counter	 electrode	 (CE),	 and	 an	 Ag	 wire	 reference	
electrode	 (RE).	 Scan	 rate	 =	 0.1	 V/s.	 The	 potentials	 were	 measured	 in	 reference	 to	





solubility	 in	most	 common	 solvents	 and	 require	 an	 extra	 effort	 to	 solubilize	 and	 in	 some	
occasions,	special	conditions	for	1H‐NMR	measurements	were	necessary.	Because	of	that,	just	
four	 of	 the	 eleven	 OPVs	 selected	 to	 be	 evaluated	 as	 photoredox	 catalysts	 were	 chosen	 to	
perform	the	photostability	studies	(OPVs	1b	and	1d	of	series	1	and	OPVs	2c	and	2e	of	series	
2)	 taking	 into	 account	 the	 electronic	 nature	 of	 substituents,	 their	 good	 solubility	 and	 the	
well‐defined	 signals	 of	 the	 vinyl	 bonds	 (no	 overlapping)	 in	 the	 1H‐NMR	 spectra.	 The	 first	







OPV	 Solvent	used	 abs	(nm)	 em	(nm)	
Radiant	Flux	()	@	DC	Forward	
Current	(IF)	
1b	 DMSO	 370	 365	 1	W	@	700	mA	
1d	 CHCl3	 376	 365	 1	W	@	700	mA	
2c	 CHCl3	 398	 405	 460	mW	@	700	mA	




 Irradiation	with	 LEDs	 followed	by	UV‐vis	 and	 FL	 spectroscopies:	The	 OPVs	 were	
dissolved	 in	 the	 appropriate	 solvent	 to	 get	 10	 µM	 solutions,	 placed	 in	 quartz	 cells	 and	
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irradiated	 by	 the	 corresponding	 LED	 at	 different	 time	 intervals,	 in	 order	 to	 measure	 the	
absorption	 spectra.	 All	 the	 experiments	 were	 carried	 out	 in	 open	 air	 conditions.	 Similar	










corresponding	 deuterated	 solvent	 (see	 Table	 3‐1).	 The	 tubes	 were	 irradiated	 at	 different	
intervals,	and	the	1H	NMR	spectra	were	measured.		
	
 Irradiation	under	 exposure	panels	 followed	by	UV‐vis	 spectroscopy:	 In	 the	 third	
experiment	lamps	irradiating	in	the	UVA	and	visible	region	of	the	electromagnetic	spectrum	
were	 located	 in	 two	 exposure	 panels	 and	were	 used	 instead	 of	 LEDs	 to	 irradiate	 the	 OPV	
solutions.	 Thus,	 10	 µM	 solutions	 of	 OPVs	 in	 the	 corresponding	 solvents	 (Table	 3‐1)	 were	
placed	in	quartz	cuvettes	and	irradiated	by	two	exposure	panels	(LZC‐UVA	and	LZC‐420)	at	
different	time	intervals	and	the	results	were	monitored	by	UV‐vis	spectroscopy.	
3.2.4 General	 procedure	 for	 the	 photocatalytic	 dehalogenation	 of	
meso‐1,2‐dibromo‐1,2‐diphenylethane	
A	 quartz	 cuvette	with	 a	 round	 tube	 at	 the	 top	was	 charged	with	 10.2	mg	 (0.03	mmol)	 of	
diBrdiPE,	2153	µL	of	CHCl3	and	847	µL	(1	mol%)	of	a	stock	solution	of	OPV	0.35	mM	in	CHCl3.	
The	mixture	was	purged	with	argon	for	15	min,	followed	by	the	addition	of	9	µL	(0.06	mmol)	
of	TMEDA.	This	 reaction	mixture	was	placed	 inside	of	an	upside	down	crystal	 clear	acrylic	
cup	 (acting	 as	 a	 light	 filter),	 then	 into	 the	 photoreactor	 and	 was	 allowed	 to	 react	 under	
stirring	 and	 irradiation	 with	 LZC‐UVA	 lamps	 for	 30	 min	 (see	 photography	 of	 the	
photocatalytic	reactions	in	Appendix	3‐D).	In	order	to	quantify	the	reaction	products	by	GC‐
FID	using	the	standard	internal	method,	aliquots	of	90	µL	of	the	reaction	mixture	were	taken	




standard	 (tert‐butylbenzene,	 50	 mM)	 were	 added	 to	 each	 insert	 in	 order	 to	 get	 a	 final	
concentration	of	5	mM	of	this	standard.	The	GC‐FID	chromatograms	were	recorded	and	the	
yields	 of	 the	 dehalogenated	 products	 (cis	 and	 trans‐stilbene)	 were	 determined	 using	 a	
previously	developed	calibration	curve	(Appendix	3‐E).	A	control	experiment	was	performed	
similarly	but	without	the	photoredox	catalyst	and	adding	3000	µL	of	solvent.		






solutions	 containing	 the	 desired	 mol%	 of	 photocatalyst	 (see	 tables	 with	 quantities	 in	
Appendix	3‐A).	The	solutions	in	each	NMR	tube	were	bubbled	with	argon	during	10	minutes	
and	then,	6	µL	(0.038	mmol)	of	TMEDA	were	added.	The	reactions	were	allowed	to	react	for	
three	 hours	 at	 room	 temperature	 under	 irradiation	 with	 two	 exposure	 panels	 using	 the	
appropriated	 lamp:	LZC‐UVA	or	LZC‐420	(photography	of	 the	photocatalytic	reactions	with	
exposure	panels	in	Appendix	3‐D).	Finally,	it	was	added	a	solution	of	2	mg	of	caffeine	diluted	
in	 50	µL	 of	 CDCl3	 (0.01	mmol,	 20.5	mM)	 to	 each	NMR	 tube	 and	 the	 1H	NMR	 spectra	were	
measured.	
3.2.6 General	procedure	 for	 the	photocatalytic	aza‐Henry	Reaction	
of	2‐phenyl‐1,2,3,4‐tetrahydroisoquinoline	

















tubes.	 Then,	 20	 µL	 of	 the	 appropriate	 stock	 OPV	 solution	 were	 added	 (stock	 solutions	
prepared	with	1	mg	of	OPV	 in	CDCl3	 or	DMSO‐d6.	 See	 quantities	 in	Appendix	 3‐F).	All	 the	
NMR	tubes	were	equipped	with	small	stir	bars,	sealed	with	septum	and	bubbled	with	oxygen	









solutions	 in	 the	 presence	 of	 different	 amounts	 of	 a	 quencher,	 in	 this	 case,	 triethylamine	
(TEA).	This	is	useful	to	determine	the	bimolecular	quenching	rate	constants	(kq),	which	gives	








before	 and	 after	 each	 addition	 of	 TEA	 (20,	 50,	 100,	 150,	 200	 µL)	 were	 measured.	 The	




corresponding	 dilution	 factors	 to	 ensure	 that	 the	 observed	 quenching	 is	 not	 due	 to	 the	
dilution	of	the	OPVs.	The	fluorescence	lifetimes	(0)	of	the	pure	OPVs	with	an	absorbance	of	
0.1	were	 also	measured	 under	 N2	 atmosphere,	 in	 order	 to	 determine	 the	 kq	 values	 of	 the	
OPVs	with	TEA.	
3.3 Results	and	discussion		




configuration	 of	 the	 vinyl	 bonds,	 four	 out	 of	 the	 eleven	 OPVs	 synthesized,	 with	 different	
electronic	 nature	 were	 chosen.	 In	 the	 first	 experiments,	 they	 were	 irradiated	 by	 LEDs	




and	1d;	 just	 few	seconds	of	 irradiation	produce	a	decrease	 in	the	absorption	intensity.	The	
absence	 of	 isosbestic	 points	 in	 the	 OPV	 1b	 spectrum	 suggest	 that	 there	 is	 not	
photoisomerization	 processes.	 However,	 the	 spectra	 of	 compound	 1d	 show	 that	 as	 the	
intensity	 of	 the	maximum	 absorption	 decreases,	 a	 new	peak	 at	 lower	wavelength	 appears	
and	 increases	 its	 intensity,	 which	 could	 be	 associated	 to	 an	 isomerization	 process.	 The	
photostability	experiment	over	OPV	2c	(Figure	3‐2c)	shows	that	there	is	a	big	change	in	the	
absorption	spectrum	after	only	 five	seconds.	The	photoirradiation	 leads	 to	a	hypsochromic	
shift	 of	 the	 absorption	 bands	 from	 398	 to	 356	 nm	 with	 a	 decreasing	 in	 the	 absorbance,	
followed	 by	 an	 absorbance	 increase	 over	 a	 new	 peak	 at	 274	 nm	with	 the	 presence	 of	 an	
isosbestic	 point	 that	 implies	 a	 physicochemical	 change	 of	 the	 sample.	 The	 spectra	 in	 the	
Figure	3‐2d	shows	that	the	OPV	2e	 is	 the	most	stable	compound	in	this	experiment,	only	a	
small	 decrease	 in	 the	 absorbance	 was	 observed	 after	 2	 hours	 of	 irradiation.	 Once	 the	














but	 following	 the	 changes	by	FL	 spectroscopy	 (Figure	3‐3).	And	 the	 results	 show	a	 similar	
















expansions	 of	 the	 aromatic	 region	 of	 the	 1H	 NMR	 spectra	 obtained	 at	 different	 times	 are	
shown	in	Figure	3‐4.	Before	irradiation,	the	signals	of	the	protons	in	the	vinyl	bonds	appear	
as	 two	doublets,	each	one	 integrating	 for	 two	protons,	with	a	coupling	constant	of	16.4	Hz	
typical	for	trans‐configuration.	The	signals	appear	at	7.01	and	7.15	ppm	in	OPV	1b,	7.13	and	
7.22	ppm	in	OPV	1d	and	at	7.06	and	7.35	ppm	in	OPV	2c.	Due	to	a	constant	irradiation,	the	




hours	 and	 30	 minutes,	 complete	 different	 spectra	 were	 obtained	 for	 OPVs	 1d	 and	 2c.	 It	




a	 few	 seconds.	 This	 could	 be	 due	 to	 the	 concentration	 of	 the	 samples,	 in	 the	 optical	
experiments	solutions	with	a	concentration	of	10	µM	were	used,	while	for	NMR	much	higher	
concentrations	are	 required.	 It	was	used	5	mg	of	each	OPV	 in	0.5	µL	of	 solvent	 (30	mM).	












the	 OPVs	 are	 more	 stables	 under	 this	 irradiation	 sources	 compared	 with	 LEDs.	 Under	












is	 very	 stable	 under	 both	 sources	 of	 irradiation	 (LZC‐420	 lamp	 and	 LED	 at	 447).	 The	
experiments	carried	out	under	nitrogen	atmosphere	showed	similar	changes	in	longer	times.	
	








exposure	 on	 the	 photoluminescence	 efficiencies	 and	 stability	 of	 the	 PV	 derivatives,	 it	 was	
found	that	PV	derivatives	are	highly	susceptible	to	photo‐oxidative	reactions	[65‐67].	Then,	it	
is	 still	 necessary	 to	 work	 on	 the	 improvement	 of	 the	 photostability	 of	 these	 important	
materials.	
	
Because	 the	 OPVs	 are	 more	 stable	 under	 irradiation	 with	 exposure	 panels	 than	 with	 the	
LEDs,	 it	 was	 decided	 to	 carry	 out	 the	 photocatalytic	 reactions	 using	 panels.	 Another	
advantage	of	using	of	exposure	panels	is	that	several	reactions	can	be	carried	out	at	the	same	
time,	 whereas	 individual	 LEDs	 allow	 only	 one	 reaction	 at	 a	 time.	 The	 lamps	 used	 in	 the	
panels	were	 selected	 in	 such	 a	way	 that	 their	 emission	 spectra	 overlapped	 the	 absorption	
spectra	of	 the	selected	OPVs.	Figures	3‐6	and	3‐7	show	the	overlapped	emission	spectra	of	
the	 two	 lamps	 (LZC‐UVA	 and	 LZC‐420)	 with	 the	 absorption	 spectra	 of	 OPVs‐series	 1	 and	
series	2.	Power	spectra	of	the	exposure	panels	are	shown	in	Appendix	3‐C.	
	










region	 of	 the	 LZC‐UVA	 lamp,	 except	 the	 nitro	 compound	 1e,	 which	 absorbs	 light	 at	 the	
emission	 region	 of	 both	 lamps.	 The	 same	 happens	 with	 OPV‐series	 2,	 which	 have	 broad	
absorption	spectra	that	cover	the	emission	region	of	the	two	lamps	(Figure	3‐7).	In	order	to	








3.3.2 Photocatalytic	 activity	 of	 OPVs	 in	 the	 reductive	
dehalogenation	of	meso‐1,2‐dibromo‐1,2‐diphenylethane	
The	photocatalyzed	reduction	of	vicinal	dibromides	was	first	studied	by	Willner	et	al.	in	1990	
using	Ru(bpy)3Cl2	as	photoredox	catalyst	 [68].	Because	of	 the	simplicity	of	 this	 reaction,	 in	
the	last	years,	the	reaction	has	become	an	ideal	system	to	evaluate	the	efficiency	of	different	
photocatalysts.	In	2011,	Maji	et	al.	continued	to	study	the	efficiency	of	the	ruthenium	catalyst	
in	 the	 reaction	 [69],	 and	 more	 recently	 other	 metal‐free	 photoredox	 catalysts	 have	 been	
explored	in	this	dehalogenation,	like	McTiernan	et	al.	utilizing	sexithiophene	[20]	and	Pitre	et	
al.	 with	 a	 series	 of	 organic	 dyes	 [17].	 Drawing	 inspiration	 from	 the	 last	 reports,	 it	 was	
decided	 to	 explore	 the	 dehalogenation	 of	 diBrdiPE	 (Scheme	 3‐1a)	 employing	 OPVs	 as	
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photoredox	 catalysts	 under	 irradiation	 with	 LZC‐UVA	 lamps	 under	 similar	 conditions	 to	
those	reported	in	the	literature	[17,20].	
	
In	 order	 to	 quantify	 the	 reaction	 products	 by	 GC‐FID	 technique,	 solutions	 of	 the	 starting	




for	 diBrdiPE	 were	 measured,	 which	 confirmed	 the	 contamination	 of	 this	 precursor	 with	
trans‐stilbene.	 Efforts	 were	made	 to	 purify	 the	 reactant	 through	 several	 recrystallizations	
from	chloroform	and	hexane,	however,	only	few	amount	of	trans‐stilbene	was	removed	after	
every	 single	 recrystallization.	 Therefore,	 it	was	 decided	 to	 do	 a	 photocatalytic	 experiment	
with	this	reagent	containing	the	13,4%	of	stilbene	impurity	(percent	was	determined	from	a	
calibration	curve	constructed	to	quantify	the	reaction	products,	see	Appendix	3‐E)	and	only	
as	 a	 preliminary	 study	 to	 get	 an	 idea	 about	 the	 capacity	 of	 the	OPVs	 to	 act	 as	 photoredox	
catalysts.	The	neutral	OPV	1a	was	selected	to	run	these	experiments.	
	







solvent	 and	 LZC‐UVA	 lamps	 showed	 that	 the	 reaction	 proceeds	 efficiently	 just	 with	
irradiation	 in	absence	of	photocatalysts,	 this	could	be	due	to	 the	DMF	contains	amines	and	
other	 impurities	 even	 if	 is	 a	 high‐quality	 solvent.	 In	 the	 past,	 the	 dehalogenation	 of	









products	 were	 determined	 by	 GC‐FID	 employing	 a	 calibration	 curve	 with	 the	 internal	
standard	method	(Appendix	3‐E).	
	






photocatalytic	 reaction.	 Using	 the	 solution	 information	 (10.2	 mg	 of	 diBrdiPE	 in	 3	 mL	 of	
CHCl3)	 and	 the	 undesired	 13.4%	of	 trans‐stilbene	 presents	 in	 the	 starting	material,	 allows	
knowing	 that	 the	 initial	 concentrations	of	diBrdiPE	and	of	 trans‐stilbene	was	8.63	mM	and	
2.53	mM,	respectively.	
	
The	 results	 in	 Table	 3‐2	 show	 that,	 although	 the	 reaction	 proceeds	 in	 absence	 of	
photocatalyst	under	irradiation	with	LZC‐UVA	lamps,	the	presence	of	OPV	1a	in	the	reaction	
increase	 the	 reaction	 yields.	 After	 20	min	 of	 reaction,	 the	 calculated	 total	 reaction	 yield	 is	
above	100%,	this	is	due	to	the	initial	contamination	of	the	diBrdiPE.	Because	the	reaction	is	
not	 stereoselective	 and	 the	 trans‐stilbene	 can	 be	 isomerized	 to	 cis‐stilbene	 during	 the	
reaction,	is	not	possible	to	calculate	the	corrected	individual	yields	for	each	isomer	product	






















1	 ‐	 5	 60	 9	 69	 56	
2	 ‐	 10	 75	 17	 92	 79	
3	 ‐	 20	 71	 30	 101	 88	
4	 ‐	 30	 62	 41	 103	 90	
5	 OPV	1a	 5	 72	 9	 81	 67	
6	 OPV	1a	 10	 83	 12	 95	 82	
7	 OPV	1a	 20	 89	 24	 113	 99	




observe	 that	 the	 dehalogenation	 is	 not	 complete	 after	 30	min	 in	 the	 control	 experiments	
(Entry	4,	yield:	90%),	but	it	is	complete	after	20	min	in	the	presence	of	photocatalyst	(Entry	
7,	 yield:	 99%).	 After	 that	 time,	 the	 stereoselectivity	 of	 the	 products	 to	 trans	 configuration	





in	 the	 control	 experiment	 than	 in	 the	 reaction	with	OPV.	 This	may	 be	 due	 to	 the	 fact	 that	
trans‐alkenes	are	usually	the	major	products	 in	the	stereoselective	 formation	of	alkenes.	 In	
the	photocatalytic	conditions	using	OPV	1a,	 the	reaction	 is	 faster	 towards	 the	 formation	of	
trans‐isomer,	 favored	 by	 thermodynamic	 reasons	 including	 a	 less	 steric	 hindrance.	 Under	
continuous	irradiation,	the	trans‐stilbene	starts	to	isomerize	to	the	cis‐isomer.	On	the	other	
hand,	 the	 control	 experiment	 without	 OPV	 proceeds	 more	 slowly,	 extending	 the	 time	 of	




yields	 (cis	 and	 trans‐stilbene)	are	higher	when	 the	OPV	 is	used	as	photocatalyst	 compared	
with	the	control	experiment	without	OPV.	
	
Figure	3‐9:	Comparative	graphics	of:	 (a)	percent	yield	of	 trans	 and	cis‐stilbene	vs	 reaction	













possible	 to	quantify	 the	percent	conversion	and	 the	 reaction	yield	based	by	selecting	well‐
separated	NMR	signals	to	the	rest	of	the	spectra.	
	









was	 selected	 to	 calculate	 the	 photocatalytic	 conversion	 (Figure	 3‐10a).	 The	 doublet	 of	
doublets	at	5.23	ppm	corresponding	to	the	styrene	(H1a,	1H)	was	selected	to	determine	the	
photocatalytic	reaction	yield	(Figure	3‐10b);	and	the	singlets	at	3.41	ppm	(CH3‐N1,	3H)	and	






styrene)	 signals	 respectively,	 P(ST)	 and	 P(X)	 are	 the	 number	 of	 protons	 for	 the	 internal	
standard	and	analyte	that	contribute	to	the	peak	area,	and	n(ST)	and	n(X)	are	the	moles	of	each	
compound	in	the	reaction	mixture.	The	integral	areas	are	obtained	from	the	spectra	and	the	











in	 the	 presence	 of	 TMEDA	 allows	 getting	 the	 styrene	 product	 under	 both	 sources	 of	
irradiation	 (LZC‐UVA	 and	 LZC‐420	 lamps),	 and	 performing	 the	 experiment	 directly	 on	
conventional	 NMR	 tubes	 largely	 prevents	 light	 absorption	 by	 diBrEB	 (glass	 cut	 the	
irradiation	 below	300	nm).	 In	 those	 experiments	 using	 quartz	 tubes	 it	was	 found	 that	 the	
OPV	2a	 increase	 efficiently	 the	 reaction	 yield	 and	 conversion	 after	 3	 hours	 of	 irradiation,	
whereby,	 this	 compound	was	 selected	 to	 conduct	 control	 experiments	under	LZC‐UVA	and	
LZC‐420	 lamps	 and	 to	 study	 the	 appropriate	 photocatalytic	 amount	 of	 OPV	 to	 use	 in	 all	
subsequent	experiments	irradiating	for	3	hours.	Control	1	(C1)	was	performed	without	OPV	
but	with	TMEDA,	 in	order	 to	know	 if	 the	 reaction	proceeds	 just	with	 the	 amine.	Control	2	
(C2)	was	performed	without	OPV	and	without	TMEDA,	in	order	to	know	if	the	product	could	





The	 photocatalytic	 reactions	 were	 performed	with	 TMEDA	 and	 with	 different	 amounts	 of	
OPV	2a	(1,	2,	5	and	10	mol%)	in	order	to	know	the	best	photocatalytic	quantity	to	conduct	
experiments	 with	 all	 the	 others	 OPVs.	 The	 obtained	 yields	 and	 conversions	 for	 these	
experiments	under	two	sources	of	irradiation	are	shown	in	Table	3‐3.	In	addition,	a	graphic	






















1	 –OPV	+TMEDA	(C1)	 LZC‐UVA	 3	 34	 70	
2	 –OPV	–TMEDA	(C2)	 LZC‐UVA	 3	 0	 0	
3	 +OPV	–TMEDA	(C3)	 LZC‐UVA	 3	 0	 0	
4	 +OPV	+TMEDA	(C4)	 Dark	 3	 0	 0	
5	 +OPV	1	mol%	+TMEDA	 LZC‐UVA	 3	 34	 75	
6	 +OPV	2	mol%	+TMEDA	 LZC‐UVA	 3	 41	 81	
7	 +OPV	5	mol%	+TMEDA	 LZC‐UVA	 3	 49	 80	
8	 +OPV	10	mol%	+TMEDA	 LZC‐UVA	 1	 50	 45	
9	 +OPV	10	mol%	+TMEDA	 LZC‐UVA	 3	 44	 88	
10	 –OPV	+TMEDA	(C1)	 LZC‐420	 3	 7	 26	
11	 –OPV	–TMEDA	(C2)	 LZC‐420	 3	 0	 3	
12	 +OPV	–TMEDA	(C3)	 LZC‐420	 3	 0	 0	
13	 +OPV	1	mol%	+TMEDA	 LZC‐420	 3	 32	 46	
14	 +OPV	2	mol%	+TMEDA	 LZC‐420	 3	 47	 63	
15	 +OPV	5	mol%	+TMEDA	 LZC‐420	 3	 54	 84	
16	 +OPV	10	mol%	+TMEDA	 LZC‐420	 1	 43	 79	
17	 +OPV	10	mol%	+TMEDA	 LZC‐420	 3	 47	 90	
a	 Determined	 by	 quantitative	 1H‐NMR	 using	 caffeine	 as	 the	 internal	 standard.	 “+”	 and	 “–”	 indicates	
“with”	and	“without”	the	substance	named	immediately	after	the	math	symbol.	
	
show	 that	 the	presence	of	 the	OPV	2a	 increases	 the	efficiency	of	 the	 reaction	and	 the	best	
yields	 and	 conversion	 values	 are	 obtained	 when	 5	 and	 10	 mol%	 (Figure	 3‐11)	 of	 the	
photocatalyst	 are	 used.	 Considering	 that	 the	 OPVs	 solubility	 is	 not	 good	when	 high	molar	











Being	 the	 dehalogenation	 of	 diBrEB	 a	 reductive	 reaction	 that	 involves	 an	 amine	 as	 the	
sacrificial	 electron	 donor	 (TMEDA),	 it	 was	 evaluated	 if	 the	 mechanism	 involves	 an	 initial	





The	 quenching	 of	 the	 OPVs	 fluorescence	 intensity	 versus	 different	 amounts	 of	 TEA	 was	

















all	 OPVs	 under	 argon,	 compared	 with	 the	 corresponding	 bimolecular	 quenching	 rate	
constants	(kq).	
	









1	 ‐	 ‐	 ‐	 LZC‐UVA	 34	 70	 ‐	
2	 1a	 H	 H	 LZC‐UVA	 48	 89	 5.09	x	1011	
3	 1b	 OH	 H	 LZC‐UVA	 31	 64	 3.39	x	1011	
4	 1c	 OCH3	 H	 LZC‐UVA	 41	 78	 1.37	x	1011	
5	 1d	 CN	 H	 LZC‐UVA	 11	 36	 6.53	x	1010	
6	 1e	 NO2	 H	 LZC‐UVA	 29	 59	 2.16	x	1011	
7	 1f	 COCH3	 H	 LZC‐UVA	 8	 39	 1.26	x	1011	
8	 2a	 H	 OCH3	 LZC‐UVA	 49	 80	 1.19	x	1011	
9	 2b	 OH	 OCH3	 LZC‐UVA	 31	 62	 2.22	x	1011	
10	 2c	 OCH3	 OCH3	 LZC‐UVA	 55	 74	 1.31	x	1011	
11	 2d	 CN	 OCH3	 LZC‐UVA	 13	 20	 4.78	x	1010	
12	 2e	 NO2	 OCH3	 LZC‐UVA	 2	 2	 N/A	
13	 ‐	 ‐	 ‐	 LZC‐420	 7	 26	 ‐	
14	 2a	 H	 OCH3	 LZC‐420	 54	 84	 1.19	x	1011	
15	 2b	 OH	 OCH3	 LZC‐420	 27	 46	 2.22	x	1011	
16	 2c	 OCH3	 OCH3	 LZC‐420	 51	 73	 1.31	x	1011	
17	 2d	 CN	 OCH3	 LZC‐420	 13	 23	 4.78	x	1010	





In	 addition,	 the	 yields	 and	 conversions	obtained	 in	 the	 reactions	with	different	OPVs	have	






Figure	3‐12:	Percent	yield	and	conversion	 for	 the	dehalogenation	of	diBrEB	 in	 function	of	





















Taking	 into	 account	 that	 the	 reaction	 using	 only	 TMEDA	 is	 less	 efficient	 under	 LZC‐420	
irradiation	(entry	13)	than	under	LZC‐UVA	(entry	1),	the	best	results	are	given	for	the	OPVs	
of	 series	 2	 under	 the	 LZC‐420	 irradiation,	 since	 good	 increments	 of	 product	 yield	 and	
conversion	 are	 obtained	 compared	with	 those	 obtained	 for	 the	 experiment	 control	 (entry	
13).	Surprisingly,	the	strong	ED	group	OH	in	compounds	1b	and	2b	decrease	a	little	bit	the	
efficiency	 of	 the	 reaction	 under	 LZC‐UVA	 light	 but	 increase	 the	 efficiency	 under	 LZC‐420	
lamps	 and	 these	 compounds	 present	 high	 values	 of	 kq.	 Probably,	 these	 hydroxylated	
compounds	are	more	stable	under	 irradiation	with	LZC‐420	 lamps	which	have	 less	energy.	
The	EW	groups	CN	(OPVs	1d	and	2d),	NO2	(OPVs	1e	and	2e)	and	COCH3	(OPV	1f)	have	an	





Stern‐Volmer	 plot	 did	 not	 present	 a	 linear	 behavior,	 this	 is	 probably	 due	 to	 the	 very	 low	
fluorescence	 intensity	of	 this	 compound,	which	generates	 irregular	 emission	 spectrums.	 In	







there	 is	 presence	 of	OPV.	 Therefore,	 two	other	mechanisms	have	been	proposed	here,	 the	
first	one	for	the	photocatalytic	reaction	using	electron‐donors	OPVs	(ED‐OPVs),	which	in	this	
case	 increase	 the	 efficiency	 of	 the	 reaction	 (Scheme	 3‐2b),	 and	 the	 second	 one	 is	 for	 the	
reaction	 with	 electron‐withdrawing	 OPVs	 (EW‐OPVs)	 which	 inhibit	 the	 dehalogenation	 of	
vicinal	dibromides	(Scheme	3‐2c).		
	
Scheme	 3‐2:	 Proposed	 catalytic	 cycles	 for	 the	 dehalogenation	 of	 vicinal	 dibromides:	 (a)	




Taking	 into	 account	 the	 electronic	 nature	 of	 the	 substituents,	 it	 was	 proposed	 that	 the	













charge	towards	them.	 In	 this	way,	 the	excited	state	 is	able	 to	abstract	an	electron	from	the	
amine	 to	 get	 a	 radical	 cation.	 As	 reported	 in	 the	 literature,	 this	 radical	 cation	 promotes	 a	
cleavage	of	the		C‐C	bond	to	the	nitrogen	atom,	to	generate	two	classes	of	intermediates,	an	
‐amino	radical	and	an	iminium	ion	[72,77],	and	then	the	radical	generated	could	reduce	the	












3.3.4 Photocatalytic	 activity	 of	 OPVs	 in	 the	 oxidative	 aza‐Henry	
reaction	of	2‐phenyl‐1,2,3,4‐tetrahydroisoquinoline	
The	 photocatalytic	 aza‐Henry	 reaction	 of	 a	 variety	 of	N‐aryl	 tetrahydroisoquinolines	 with	
nitroalkanes	was	originally	studied	by	Stephenson	et	al.	[40]	in	2010	using	transition	metal	
complexes	 of	 ruthenium	 and	 iridium	 as	 photoredox	 catalysts.	 Since	 then,	 the	 reaction	 has	
been	 studied	 by	 different	 research	 groups	 exploring	 the	 efficiency	 of	 organic	 dyes	 as	
photoredox	 catalysts	 such	 as	 eosin	 Y	 [78],	 methylene	 blue	 derivatives	 [17],	 Rose	 bengal,	








In	 order	 to	 quantify	 the	 reaction,	 and	 taking	 into	 account	 the	 simplicity	 and	 experienced	
gained	 during	 the	 dehalogenation	 of	 vicinal	 dibromides	 it	 was	 decided	 to	 continue	 using	
quantitative	 1H	 NMR.	 The	 NMR	 spectrum	 of	 the	 synthesized	 PhTHIQ	 was	 measured	
(Appendix	 3‐G)	 and,	 although	 no	 sample	 of	 the	 pure	 product	 1‐(nitromethyl)‐2‐phenyl‐
1,2,3,4‐tetrahydroisoquinoline	 (NM‐PhTHIQ)	 was	 commercially	 available	 to	 measure	 the	











The	 NMR	 signals	 that	 change	 in	 the	 spectrum	 of	 the	 product	 with	 respect	 to	 the	 starting	
material	are;	a)	H‐1	 in	PhTHIQ,	 from	a	singlet	at	4.41	(Figure	3‐13a)	 to	a	 triplet	at	around	
3.60	ppm	(Figure	3‐13b);	however,	both	signals	are	overlapped	 in	the	NMR	of	 the	reaction	






signals	 appeared	 at	 4.94	 and	 4.74	 ppm	 assigned	 to	 the	 not	 equivalent	 hydrogens	 of	 the	
nitromethyl	group,	which	are	numbering	as	H9a	and	H9b	(Figure	3‐13b).	These	signals	are	





In	 an	 initial	 experiment,	 it	 was	 wanted	 to	 know	 if	 the	 reaction	 proceeds	 only	 under	
irradiation.	Thus,	two	reactions	were	performed,	the	first	one	in	absence	of	the	photocatalyst	
and	the	second	one	using	1	mol%	of	the	neutral	series	2	OPV	2a.	After	3	h	of	irradiation	with	
the	 LZC‐UVA	 lamps,	 similar	 values	 of	 yield	were	 obtained	 (24%	 in	 both	 cases).	 This	 could	
probably	due	to	the	THIQs	have	a	maximum	of	absorption	around	270	nm	[80]	and	although	









According	 to	 the	 results	of	 the	previous	 reaction	 (the	 reductive	dehalogenation	of	diBrEB)	
which	proceed	better	with	ED‐OPVs	as	photoredox	catalysts,	it	was	hypothesized	that,	being	





to	 study	 the	 appropriate	 photocatalytic	 amount	 to	 conduct	 the	 experiments	 with	 all	 the	
OPVs.	The	results	obtained	are	depicted	in	Table	3‐5	and	Figure	3‐14.	
	








1	 –OPV	–Filter	(C1)	 LZC‐UVA	 24	
2	 –OPV	+Filter	(C1)	 LZC‐UVA	 10	
3	 –OPV	–Filter	(C1)	 LZC‐420	 32	
4	 –OPV	+Filter	(C1)	 LZC‐420	 13	
5	 +OPV	2a	1	mol%	(C2)	 Dark	 0	
6	 +OPV	2a	1	mol%	 LZC‐420	 22	
7	 +OPV	2a	2	mol%	 LZC‐420	 17	
8	 +OPV	2a	5	mol%	 LZC‐420	 14	
9	 +OPV	2d	1	mol%	 LZC‐420	 35	
10	 +OPV	2d	2	mol%	 LZC‐420	 40	
11	 +OPV	2d	5	mol%	 LZC‐420	 33	




A	 particular	 behavior	 was	 observed	 in	 Figure	 3‐14.	 In	 this	 case,	 the	 EW‐OPV	 2d	 is	 more	
efficient	 in	 the	 reaction	 compared	 with	 the	 ED‐OPV	 2a,	 and	 additionally,	 if	 the	 catalytic	
amount	 of	 2d	 is	 increased	 to	 2	 mol%	 the	 reaction	 is	 more	 efficient,	 but	 with	 higher	
quantities,	the	yield	starts	to	decrease.	For	the	OPV	2a,	the	efficiency	of	the	reaction	decrease	












The	 aza‐Henry	 reaction	 carried	 out	 in	 absence	 of	 the	 photocatalyst	 (control	 experiments)	
shows	that	the	reaction	proceeds	just	under	irradiation	and	the	yield	obtained	is	a	little	bit	





















1	 ‐	 ‐	 ‐	 LZC‐UVA	 10	
2	 1a	 H	 H	 LZC‐UVA	 5	
3	 1b	 OH	 H	 LZC‐UVA	 3	
4	 1c	 OCH3	 H	 LZC‐UVA	 5	
5	 1d	 CN	 H	 LZC‐UVA	 11	
6	 1e	 NO2	 H	 LZC‐UVA	 15	
7	 1f	 COCH3	 H	 LZC‐UVA	 10	
8	 2a	 H	 OCH3	 LZC‐UVA	 5	
9	 2b	 OH	 OCH3	 LZC‐UVA	 7	
10	 2c	 OCH3	 OCH3	 LZC‐UVA	 5	
11	 2d	 CN	 OCH3	 LZC‐UVA	 13	
12	 2e	 NO2	 OCH3	 LZC‐UVA	 19	
13	 ‐	 ‐	 ‐	 LZC‐420	 13	
14	 1e	 NO2	 H	 LZC‐420	 39	
15	 2a	 H	 OCH3	 LZC‐420	 17	
16	 2b	 OH	 OCH3	 LZC‐420	 9	
17	 2c	 OCH3	 OCH3	 LZC‐420	 12	
18	 2d	 CN	 OCH3	 LZC‐420	 40	


















In	 addition	 to	 the	 above	 results,	 it	 was	 possible	 to	 carry	 out	 an	 analysis	 on	 the	








equation	3‐4	 to	calculate	 the	Gibbs	 free	energy	of	a	photoinduced	electron	transfer	(GPET)	
[81].	
	






where	 / (D)	is	the	oxidation	potential	of	the	donor,	 / (A)	is	the	reduction	potential	of	the	




literature	 [64],	and	 the	value	 for	E00	 is	calculated	 for	 the	 two	 irradiation	sources:	LZC‐UVA	
(em	 =	 354	 nm)	 and	 LZC‐420	 (em	 =	 420	 nm)	 lamps.	 The	 ciclyc	 voltammograms	 obtained	
showed	two	reduction	peaks	 for	each	OPV,	 therefore,	 the	more	negative	values	were	taken	










2a	 H	 ‐1.24	and	‐1.96	 ‐0.86	and	‐1.58	 ‐1.10	 ‐0.55	
2c	 OCH3	 ‐1.23	and	‐1.64	 ‐0.85	and	‐1.26	 ‐1.42	 ‐0.87	
2d	 CN	 ‐1,86	and	‐2.13	 ‐1.48	and	‐1.75	 ‐0.93	 ‐0.38	




The	yields	obtained	 in	 the	aza‐Henry	 reactions	using	 the	OPVs	of	Table	3‐7	under	 the	 two	
sources	of	irradiation,	were	plotted	in	function	of	the	corresponding	GPET	values	(Figure	3‐








though	 a	 reaction	 can	 have	 favorable	 thermodynamics	 it	 is	 ultimately	 kinetics	 that	
determines	to	what	extent	the	reaction	proceeds	[17].	
	





According	 to	 the	 percent	 yields	 obtained	 for	 the	 aza‐Henry	 reaction,	 two	 photocatalytic	
cycles	 using	 EW	 and	 ED‐OPVs	 are	 here	 proposed	 for	 the	 aza‐Henry	 reaction	 of	 PhTHIQ	
supported	 in	 literature	 reports	 [17,40,78]	 (Scheme	3‐3).	 Upon	 irradiation	 of	 the	 EW‐OPVs	
with	 LZC‐UVA	 or	 LZC‐420	 lamps	 (Scheme	 3‐3a),	 the	 photoredox	 catalyst’s	 excited	 state	 is	
generated.	These	excited	 species,	which	has	a	 lower	electronic	density	 in	 the	PV	backbone	
due	 to	 the	EW	groups,	are	able	 to	 receive	an	electron	 from	the	PhTHIQ.	This	 initial	 singlet	
electron	 transfer	 gave	 an	 aminyl	 radical	 cation	 (PhTHIQ+)	 and	 the	 radical	 anion	 of	 the	
photoredox	catalyst	(EW‐OPV–).	The	last	one	interacts	with	the	atmospheric	oxygen	to	get	a	
superoxide	 radical	 (O2–)	 and	 regenerate	 the	 photoredox	 catalyst’s	 ground	 state.	
Subsequently,	the	O2–	abstracts	one	hydrogen	atom	of	the	PhTHIQ+	to	generate	an	iminium	




















Although	 the	product	 is	obtained	 in	both	mechanisms,	 it	 is	considered	 that	 the	mechanism	
with	ED‐OPVs	is	slower	than	the	one	with	EW‐OPVs,	because	the	indirect	mechanism	implies	
first	 the	 interaction	with	 the	atmospheric	oxygen	 to	 form	 the	 reactive	 species	O2–	 and	 the	






absorbs	 light	 from	 the	 sources	 and	act	 as	 a	photocatalyst	 itself	 by	 interacting	with	oxygen	












In	 this	 work,	 the	 hydroxylation	 of	 4‐methoxyphenylboronic	 acid	 (4‐MPBA)	 to	 yield	 the	
corresponding	 4‐methoxyphenol	 (4‐MPOH)	 was	 chosen	 to	 study	 the	 more	 active	 OPVs	 to	
photocatalyze	 this	 reaction	 (Scheme	 3‐1d).	 The	 hydroxylation	 was	 carried	 out	 with	 5	




In	 order	 to	 quantify	 the	 reaction	 by	 1H	 NMR,	 the	 spectra	 of	 the	 starting	 material	 and	 a	
commercial	 phenol	were	measured	 (Appendix	 3‐G).	 By	 overlapping	 these	 1H	NMR	 spectra	
along	with	 the	 spectrum	of	 the	 internal	 standard	of	 caffeine	 (Figure	3‐17)	 the	patterns	 for	
yield	and	conversion	were	selected.	The	signals	selected	are	the	protons	Ho	and	Hm,	because	
in	 the	 starting	 material	 4‐MPBA	 (Figure	 3‐17a)	 the	 electron‐withdrawing	 effect	 of	 the	

















(glass	 cut	 the	 irradiation	 below	 300	 nm).	 The	 OPV	 2a	 was	 selected	 to	 conduct	 control	
experiments	under	LZC‐UVA	and	LZC‐420	lamps	and	to	study	the	appropriate	photocatalytic	




of	 the	 OPV	2a	 (1,	 2,	 5	 and	 10	mol%)	 in	 order	 to	 know	 the	 best	 photocatalytic	 amount	 to	




















1	 –OPV	+DIPEA	(C1)	 LZC‐UVA	 6	 6	
2	 –OPV	–DIPEA	(C2)	 LZC‐UVA	 0	 0	
3	 +OPV	–DIPEA	(C3)	 LZC‐UVA	 0	 0	
4	 +OPV	+DIPEA	(C4)	 Dark	 0	 0	
5	 +OPV	1	mol%	+DIPEA	 LZC‐UVA	 20	 20	
6	 +OPV	2	mol%	+DIPEA	 LZC‐UVA	 14	 16	
7	 +OPV	5	mol%	+DIPEA	 LZC‐UVA	 13	 15	
8	 +OPV	10	mol%	+DIPEA	 LZC‐UVA	 7	 10	
9	 –OPV	+DIPEA	(C1)	 LZC‐420	 5	 5	
10	 –OPV	–DIPEA	(C2)	 LZC‐420	 0	 0	
11	 +OPV	–DIPEA	(C3)	 LZC‐420	 0	 0	
12	 +OPV	1	mol%	+DIPEA	 LZC‐420	 23	 25	
13	 +OPV	2	mol%	+DIPEA	 LZC‐420	 18	 20	
14	 +OPV	5	mol%	+DIPEA	 LZC‐420	 16	 17	
15	 +OPV	10	mol%	+DIPEA	 LZC‐420	 14	 15	















entry	 4).	 The	 results	 show	 that	 the	 presence	 of	 the	OPV	2a	 increases	 the	 efficiency	 of	 the	
reaction	and	the	best	yields	and	conversion	values	are	obtained	when	1	mol%	is	used	(Figure	
3‐18).	 Then,	 1	 mol%	 was	 selected	 as	 the	 catalytic	 amount	 to	 evaluate	 the	 photocatalytic	





amine	 (TEA)	 as	 the	 quencher	 and	 the	 bimolecular	 quenching	 rate	 constants	 (kq)	 obtained	
from	these	experiments,	were	taking	into	account.	As	mentioned	before,	the	quenching	of	the	
OPV	 fluorescence	 intensity	 by	 the	 amine	 could	 imply	 that	 the	 reaction	 follows	 an	 indirect	
mechanism	through	 the	 formed	species	of	DIPEA	after	 the	electron	 transfer,	 then,	a	higher	
quenching	leads	a	higher	efficiency	of	the	reaction.	In	order	to	analyze	if	the	efficiency	of	the	
OPVs	in	the	reaction	correlates	well	with	the	magnitude	of	kq,	these	values	are	also	included	
















1	 ‐	 ‐	 ‐	 LZC‐UVA	 6	 6	 ‐	
2	 1a	 H	 H	 LZC‐UVA	 17	 17	 5.09	x	1011	
3	 1b	 OH	 H	 LZC‐UVA	 5	 7	 3.39	x	1011	
4	 1c	 OCH3	 H	 LZC‐UVA	 8	 13	 1.37	x	1011	
5	 1d	 CN	 H	 LZC‐UVA	 7	 9	 6.53	x	1010	
6	 1e	 NO2	 H	 LZC‐UVA	 7	 6	 2.16	x	1011	
7	 1f	 COCH3	 H	 LZC‐UVA	 8	 11	 1.26	x	1011	
8	 2a	 H	 OCH3	 LZC‐UVA	 20	 25	 1.19	x	1011	
9	 2b	 OH	 OCH3	 LZC‐UVA	 6	 11	 2.22	x	1011	
10	 2c	 OCH3	 OCH3	 LZC‐UVA	 16	 20	 1.31	x	1011	
11	 2d	 CN	 OCH3	 LZC‐UVA	 10	 17	 4.78	x	1010	
12	 2e	 NO2	 OCH3	 LZC‐UVA	 6	 9	 N/A	
13	 ‐	 ‐	 ‐	 LZC‐420	 5	 5	 ‐	
14	 2a	 H	 OCH3	 LZC‐420	 23	 25	 1.19	x	1011	
15	 2b	 OH	 OCH3	 LZC‐420	 6	 6	 2.22	x	1011	
16	 2c	 OCH3	 OCH3	 LZC‐420	 18	 17	 1.31	x	1011	
17	 2d	 CN	 OCH3	 LZC‐420	 26	 26	 4.78	x	1010	



























with	 the	 less	substituted	OPVs	1a	 and	2a	when	LZC‐UVA	 lamps	are	used	(entries	2	and	8)	
and	 the	 OPV	 2a	 also	 have	 a	 good	 increment	 under	 LZC‐420	 lamps	 (entry	 14).	 These	
correlates	well	with	 the	obtained	bimolecular	quenching	 rate	 constants	 (kq)	determined	 in	
the	quenching	experiments	performed	with	TEA	showing	high	values	of	5.09	x	1011	and	1.19	
x	 1011	 M–1s–1	 for	 OPVs	 1a	 and	 2a	 respectively.	 The	 best	 result	 for	 series	 2	 under	 visible	
irradiation	was	for	the	compound	with	cyano	groups	2d	(entry	17),	probably	due	to	a	better	
absorption	under	the	range	of	emission	of	the	LZC‐420	lamp	by	the	OPV	2d	(as	seen	in	Figure	







and	 2.22	 x	 1011	M–1s–1	 respectively)	 but	 are	 not	 photostable	 (as	 seen	 in	 Figures	 3‐5).	 This	
could	explain	the	low	yields	and	conversion	obtained	(entries	3,	9	and	15).	The	nitro	OPV	1e	
has	an	intermediate	value	of	2.16	x	1011	M–1s–1,	and	the	OPV	2e	has	not	quenching	value	or	
this	value	could	not	be	determined,	due	to	 its	 low	fluorescence	 intensity	(entries	6,	12	and	
18).		
	
Although	 there	 is	not	a	 clear	 trend	 related	 to	 the	electronic	nature	of	 the	 substituents,	 the	
increase	 of	 the	 efficiency	with	 all	 OPVs	with	 respect	 to	 the	 control	 C1,	 the	 results	 can	 be	
explained	considering	the	other	species	in	the	reaction	mixture,	which	have	a	critical	role	in	
the	mechanism:	 the	amine	 (DIPEA)	and	 the	molecular	oxygen.	Therefore,	 two	mechanisms	
for	ED	and	EW‐OPVs	(Scheme	3‐4)	were	proposed.	A	direct	mechanism	is	discarded	due	to	
results	 in	 control	 C3	 (entries	 3	 and	 11,	 Table	 3‐8).	 It	was	 proposed	 two	 indirect	 catalytic	
cycles	with	ED‐OPVs	(Scheme	3‐4a)	and	EW‐OPVs	(Scheme	3‐4b)	based	on	previous	reports	
[18,	 62].	 In	 both	 mechanisms,	 the	 photoredox	 catalyst’s	 excited	 state	 is	 formed	 upon	
























bond	 [62].	 Finally,	 the	 hydrolysis	 of	C	 generates	 the	 hydroxylated	 product.	 Although	 both	
mechanisms	generate	the	species	with	a	key	role	in	the	reaction,	the	ED‐OPVs	allows	getting	
the	superoxide	radical	in	the	first	steps	of	the	cycle,	which	not	happens	with	EW‐OPVs	that	




conditions	 used	 in	 this	 study,	 the	 three	 photocatalytic	 reactions	 shown	 above	 probed	 that	
OPVs	can	undergo	photoinduced	electron	transfer	processes	(PET),	acting	as	active	species	
absorbing	 light	 and	 donating/extracting	 one	 electron	 to/from	 an	 organic	 substrate.	 The	
dehalogenations	 of	 diBrdiPE	 showed	 that	 the	 presence	 of	 OPV	1a	 increases	 the	 yield	 and	
conversion	of	the	reaction.	Studies	with	all	OPVs	showed	that	the	efficiency	of	the	reductive	
dehalogenation	 of	 diBrEB	 increase	 with	 ED‐OPVs,	 while	 EW‐OPVs	 were	 inefficient	 in	 this	




with	 the	 bimolecular	 quenching	 rate	 constants	 obtained	 (kq)	 indicating	 the	 importance	 of	
kinetic	measurements	to	understand	electron	transfer	processes.	This	work	is	a	contribution	

















was	 heated	 to	 90°C	 for	 24	 h	 and	 then	 allowed	 to	 cool	 to	 room	 temperature.	 The	 reaction	
mixture	 was	 diluted	 with	 60	 mL	 of	 diethyl	 ether	 and	 60	 mL	 of	 distilled	 water	 and	 the	
aqueous	 phase	 was	 extracted	 with	 diethyl	 ether	 (x2).	 The	 organic	 phase	 was	 dried	 with	





















































A	 calibration	 curve	 of	 seven	 points	 was	 performed	 using	 a	 commercial	 standard	 of	 the	

















10	 1000	 500	 100	 400	
7.5	 1000	 375	 100	 525	
5	 1000	 250	 100	 650	
4	 1000	 200	 100	 700	
3	 1000	 150	 100	 750	
2	 1000	 100	 100	 800	
1	 1000	 50	 100	 850	
In	the	internal	standard	method,	the	equation	3A‐1	is	used	to	determine	the	concentration	of	















Appendix	 3‐F.	 Quantities	 of	 OPVs	 in	 the	 photocatalytic	 amount	
experiments	and	the	photocatalytic	reactions	
	
Table	 3A‐2:	 Quantities	 of	 OPV	 2a	 in	 CDCl3	 added	 to	 the	 reaction	 mixture	 for	 the	
photocatalytic	amount	experiments	in	the	photocatalytic	dehalogenation	of	diBrEB.	









	 OPV	 Stock	solution	 Reaction	quantity	 Solvent	
Series	1	
1a	 1	mg/187	µL	 0.27	mg/50	µL	 CDCl3	
1b	 1	mg/168	µL	 0.30	mg/50	µL	 DMSO‐d6	
1c	 1	mg/154	µL	 0.32	mg/50	µL	 CDCl3	
1d	 1	mg/159	µL	 0.31	mg/50	µL	 CDCl3	
1e	 1	mg/142	µL	 0.35	mg/50	µL	 CDCl3	
1f	 1	mg/144	µL	 0.35	mg/50	µL	 CDCl3	
Series	2	
2a	 1	mg/154	µL	 0.32	mg/50	µL	 CDCl3	
2b	 1	mg/141	µL	 0.35	mg/50	µL	 DMSO‐d6	
2c	 1	mg/131	µL	 0.38	mg/50	µL	 CDCl3	
2d	 1	mg/135	µL	 0.37	mg/50	µL	 CDCl3	
2e	 1	mg/122	µL	 0.41	mg/50	µL	 DMSO‐d6	
	
Table	3A‐4:	Quantities	 of	 OPV	2a	 and	2d	 in	 CDCl3	 added	 to	 the	 reaction	mixture	 for	 the	
photocatalytic	charge	experiments	in	the	Aza‐Henry	reaction	of	PhTHIQ.	












Table	3A‐5:	Quantities	of	OPVs	 added	 to	 the	 reaction	mixture	 (2	mol%)	 in	 the	Aza‐Henry	
reaction	of	PhTHIQ.	
	 OPV	 Stock	solution	 Reaction	quantity	 Solvent	
Series	1	
1a	 1	mg/148	µL	 0.13	mg/20	µL	 CDCl3	
1b	 1	mg/133	µL	 0.15	mg/20	µL	 DMSO‐d6	
1c	 1	mg/122	µL	 0.16	mg/20	µL	 CDCl3	
1d	 1	mg/126	µL	 0.16	mg/20	µL	 CDCl3	
1e	 1	mg/112	µL	 0.18	mg/20	µL	 CDCl3	
1f	 1	mg/114	µL	 0.18	mg/20	µL	 CDCl3	
Series	2	
2a	 1	mg/122	µL	 0.16	mg/20	µL	 CDCl3	
2b	 1	mg/112	µL	 0.18	mg/20	µL	 DMSO‐d6	
2c	 1	mg/104	µL	 0.19	mg/20	µL	 CDCl3	
2d	 1	mg/107	µL	 0.19	mg/20	µL	 CDCl3	
2e	 1	mg/97	µL	 0.21	mg/20	µL	 DMSO‐d6	
	




















	 OPV	 Stock	solution	 Reaction	quantity	 Solvent	
Series	1	
1a	 1	mg/215	µL	 0.09	mg/20	µL	 CDCl3	
1b	 1	mg/193	µL	 0.1	mg/20	µL	 DMSO‐d6	
1c	 1	mg/178	µL	 0.11	mg/20	µL	 CDCl3	
1d	 1	mg/183	µL	 0.11	mg/20	µL	 CDCl3	
1e	 1	mg/163	µL	 0.12	mg/20	µL	 CDCl3	
1f	 1	mg/166	µL	 0.12	mg/20	µL	 CDCl3	
Series	2	
2a	 1	mg/178	µL	 0.11	mg/20	µL	 CDCl3	
2b	 1	mg/162	µL	 0.12	mg/20	µL	 DMSO‐d6	
2c	 1	mg/151	µL	 0.13	mg/20	µL	 CDCl3	
2d	 1	mg/155	µL	 0.13	mg/20	µL	 CDCl3	
2e	 1	mg/141	µL	 0.14	mg/20	µL	 DMSO‐d6	
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 Sixteen	 p‐phenylenevinylene	 oligomers	 (OPVs)	 substituted	 with	 different	 electron‐
donor	 (ED)	 and	 electron‐withdrawing	 (EW)	 groups	 were	 synthesized	 by	 Mizoroki‐Heck	
cross	coupling	reaction	in	moderate	to	excellent	yields	(40‐95%).	Although	most	of	the	OPVs	
have	been	reported	in	the	literature,	the	described	methodology	could	be	used	as	a	synthetic	
route	 for	 phenylenevinylene	 systems	 with	 highly	 desired	 functional	 groups	 in	 their	
molecular	structure	and	with	high	stereoselectivity	to	trans‐trans	configuration	of	the	vinyl	
bonds,	which	 is	 difficult	 to	 obtain	 by	 other	 common	 synthetic	 procedures.	 In	 addition,	 the	
novel	OPV	1h	(R	=	‐COCH3)	was	obtained.	
	
 The	effect	of	 the	 substituents	of	 the	OPV	 system	on	 the	optoelectronic	properties	was	
studied	by	UV‐vis	and	fluorescence	spectroscopies.	The	measurements	carried	out	with	DMF	





the	 increase	 of	 electron	 donating	 strength	 of	 the	 substituent.	 On	 the	 other	 hand,	 the	









 Among	 other	 optoelectronic	 properties,	 the	HOMO‐LUMO	 energy	 gaps	 (E)	were	 also	
determined	 and	 the	 values	 decrease	 by	 increasing	 the	 ED	 and	 EW	 strength	 of	 the	
substituents	with	an	opposite	 trend	 to	 that	obtained	 for	 the	bathochromic	shift.	Properties	
like	molar	 attenuation	 coefficient	 ()	 and	 fluorescence	 quantum	yield	 (f)	were	 calculated	
without	a	clear	trend.	However,	it	was	found	that	OPVs	of	series	2	showed	values	of		lower	






DFT	 calculations.	 It	was	possible	 to	 accurately	predict	 the	maximum	absorption	 (r	=	0.99)	
and	 emission	 (r	 =	 0.93)	 wavelengths.	 Analysis	 of	 the	 absorption	 oscillator	 strength	 (Fosc)	
allows	to	qualitatively	group	OPVs	with	similar	molar	attenuation	coefficient,	and	analysis	of	






OCH3,	 ‐OH,	 ‐CN	 groups	 do	 not	 exhibit	 high	 stability	 at	 long	 irradiation	 times	 under	 the	
experimental	 conditions	 used.	 However,	 the	 derivatives	 with	 ‐NO2	 groups	 exhibit	 high	
stability	under	the	sources	of	irradiation.	All	compounds	were	more	stable	under	irradiation	




reactions.	 In	 the	 first	 reaction	 studied,	 the	 reductive	 dehalogenation	 of	 vicinal	 dibromides	
using	 TMEDA	 as	 the	 sacrificial	 electron	 donor,	 the	 reactions	 show	 that	 a	 percent	 of	 the	





that	 the	 presence	 of	 the	 unsubstituted	 OPV	 1a	 increases	 the	 yield	 and	 conversion	 of	 the	
reaction	with	respect	to	control	experiments.	In	addition,	studies	with	all	OPVs	showed	that	
the	 efficiency	 of	 the	 reductive	 dehalogenation	 of	 (1,2‐dibromoethyl)benzene	 (diBrEB)	










 The	 oxidative	 hydroxylation	 of	 the	 4‐methoxyphenylboronic	 acid	 (4‐MPBA)	 was	
evaluated	using	OPVs	as	photoredox	catalysts.	The	results	showed	that	the	reaction	just	with	
DIPEA	and	irradiation	is	not	efficient	(control	experiment),	and	the	presence	of	OPVs	in	the	
reaction	 media	 increases	 the	 yield	 and	 conversion	 of	 the	 reaction.	 The	 best	 results	 were	
given	by	the	less	substituted	OPVs	and	the	compounds	with	cyano	groups.		
	
 It	was	proved	 that	OPVs	can	undergo	photoinduced	electron	 transfer	 (PET)	processes,	




groups	has	 a	highly	 electronic	density	 in	 their	 backbone	 and	 therefore,	 these	 are	prone	 to	
donate	 electrons	 to	 substrates	 (reduction	 reactions).	 On	 the	 other	 hand,	 OPVs	 with	 EW	
















best	 efficiencies	 in	 the	 desired	 applications,	 in	 this	 case,	 in	 heterogeneous	 photoredox	
catalysis.	Our	ideas	for	the	synthesis	of	segmented	PPVs	are	based	in	the	Williamson	reaction	
between	 organic	 halides	 with	 deprotonated	 alcohols	 (alkoxides)	 in	 basic	 media	 to	 form	
ethers.	 Using	 this	 strategy,	 two	 types	 of	 segmented	 PPVs	 could	 be	 obtained	 from	 the	
corresponding	hydroxylated	OPVs;	 the	 first,	 obtained	by	polymerization	 from	 the	 terminal	
rings	 (Scheme	 4‐1a),	 and	 the	 second,	 obtained	 by	 polymerization	 from	 the	 central	 ring	
(Scheme	4‐1b).	The	monomers	 in	 these	 reactions	are	OPVs	with	hydroxyl	 groups	either	 in	
the	terminal	rings	or	in	the	central	ring.		
	












The	 monomers	 of	 the	 first	 reaction,	 OPVs	 with	 hydroxyl	 groups	 at	 the	 end	 rings,	 can	 be	
synthesized	from	the	OPVs	with	acetoxy	groups	obtained	by	the	Mizoroki‐Heck	reaction,	and	






The	monomers	with	 hydroxyl	 groups	 at	 the	 central	 ring	 can	 be	 obtained	by	 the	Mizoroki‐
Heck	cross	coupling	reaction.	However,	 the	hydroxyl	groups	must	be	protected	 in	order	 to	















The	 use	 of	 segmented	 polymers	 in	 the	 field	 of	 photoredox	 catalysis	 could	 have	 various	
advantages,	for	example,	the	improved	stability,	the	formation	of	films	with	high	superficial	
area,	 which	 can	 be	 incorporated	 into	 the	 surface	 of	 the	 photocatalytic	 reactors	 by	 spin‐
coating	 techniques,	 favoring	 a	 heterogeneous	 catalysis	 with	 an	 easy	 separation	 of	 the	
reaction	mixture	and	possibility	of	reuse	in	other	photocatalytic	cycles.	
	
We	 also	 recommended	 expand	 the	 study	 to	 other	 reactions,	 possibly	 including	 single	
molecule	studies,	and	also	deepen	the	synthetic	scope	of	each	reaction,	and	the	inclusion	of	
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